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Abstract
Classical methods of item analysis (e.g., alpha reliabilities, endorsement proportions, 
item-total correlations) provide limited information regarding item and scale performance. An 
alternative to classical item analysis methods are item response modeling techniques which take 
into account a continuum of variation. TESTGRAF, a nonparametric item response modeling 
technique, was used to evaluate the performance o f the items on a widely used personality 
inventory. Gender differential item functioning was also examined using logistic regression 
procedures with a new effect size estimator developed by Zumbo and Thomas (1996). The 
present study examined the performance of all four scales of the Eysenck Personality 
Questionnaire (EPQ). The Neuroticism and Extraversion scale items were found to perform 
reasonably well in their respective measurement o f the latent variables. The Lie scale items were 
found to perform less well in general, and the Psychoticism scale items performed very poorly in 
their measurement of the latent variable.
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Chapter I 
Introduction to the problem
Item analysis and psychometric analysis are a group of statistical procedures used to 
determine the validity, reliability and measurement efficacy of the inferences in psychological 
assessment. Classical methods (e.g., coefficient alpha reliabilities, classical item analyses) are 
currently the most commonly used statistical procedures to assess the properties of psychological 
measurement tools. There are a class of new methods, however, which fall under the umbrella of 
item response modeling* and are formulated on the notion of an item characteristic curve. 
Although these methods have been adopted extensively in the achievement and aptitude testing 
areas, they have only just begun to be used in the personality measurement domain. These 
methods provide a great deal of information regarding the performance of items, information that 
classical methods cannot provide, making item response modeling techniques very appealing to 
social scientists.
The purpose of this thesis is to explore the use of item response modeling with a 
commonly used personality assessment tool, the Eysenck Personality Questionnaire (EPQ). To 
this end, 1 first will briefly review item response modeling, introducing both parametric and 
nonparametric models. 1 will also introduce the concept of, and methods for the detection of, 
differential item functioning. 1 then will review the few studies that have used parametric item
* Throughout this thesis IRT will be referred to as item response modeling (IRM). In the same way that
alpha reliabilities are not referred to as “classical test theory”, so too 1 will not describe the group o f item response 
models that are applied to various measurement instruments as “ item response theory”. As an aside, it can be argued 
that labeling the field o f item response theory as item response modeling, is a step toward the “demystification” o f 
this area o f  statistical measurement procedures (Goldstein, 1994). Also, the expression “classical test theory” is 
commonly used in psychometrics to convey the historical precedent o f these non-lRM methods.
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response modeling on the EPQ. Finally, a study will be presented using nonparametric item 
response modeling techniques to evaluate the performance of the EPQ scale items, including a 
gender differential item functioning analysis to evaluate potential gender item bias.
What is item response modeling?
Item response modeling (IRM) comprises a group of statistical models that provide 
information about both person and item characteristics. By person characteristics we mean the 
examinee’s level on the latent trait (i.e., how much of the trait does the examinee possess). By 
item characteristics we are referring to the item difficulty, discrimination, and a pseudo-guessing 
parameter. These characteristics will be discussed in detail later in this chapter.
To date, IRM has been used mainly to evaluate ability tests and, to a much lesser extent, 
personality tests. Large testing companies such as Education Testing Services (ETS) have used 
IRM extensively to evaluate the performance of items on widely-used tests such as the Scholastic 
Aptitude Test (SAT) and the Graduate Records Exam (ORE). Until recently, the usability of IRM 
has been limited to these large testing companies because large sample sizes (e.g., n = 1000+) 
were needed to obtain accurate results. These large sample sizes have been virtually impossible 
for most research scientists to obtain; therefore, IRM was not widely used by the general research 
c o m m u n i t y .  Recent developments in IRM (Ramsay, 1991) have improved accessibility to the 
general research community by decreasing the sample sizes necessary to obtain accurate 
parameter estimates and increasing the user-fnendliness of the software through graphical 
representations o f the data.
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j It should be noted that there has been some concern in the literature in regards to IRM
i
I being used in personality research because IRM techniques were originally developed to be used 
in the achievement and aptitude testing areas. That is, as Reise and Waller (1990, p. 45) state
... most applications of IRT have focused on maximum performance data, as found in the 
assessment o f ability or achievement. Personality assessment on the other hand, is unique 
in its concern with typical or average performance; hence it is necessary to establish 
whether item response models may be legitimately applied to data o f this type. 
Specifically, in the context of achievement and aptitude testing examinees writing a test are 
motivated to achieve the highest mark or grade possible, thus examinees perform at a maximum 
level on each test item (in essence truly expressing their level of ability). Based on Reise and 
Waller’s argument Ferrando (1994) states that any conclusions of IRM analyses performed on 
personality tests, that were not developed using IRM techniques, must be limited to exploratory 
and cautious interpretation and that these conclusions are directed only to model data fit.
This author disagrees with Ferrando’s and Reise and Waller’s limitations of applying 
IRM to personality assessment data. If examinees are assumed to perform at their maximum 
ability level when writing achievement or aptitude tests, the same can be said for personality 
testing except that the examinees are assumed to answer at a maximum honesty level rather than 
a maximum performance level. In the context of personality inventories the notion of “maximum 
performance” does not make sense, however examinees are expected to answer as truthfully as 
possible (maximum truthfulness). The end result is intuitively the same for aptitude, 
achievement, or personality testing: that the examinees true ability level or personality trait level 
will or will not be accurately expressed. This issue can be resolved by changing the interpretive
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perspective of the researcher. For example, if a personality inventory scale for depression is 
analyzed using IRM then the interpretation of the continuum of variation changes from being a 
latent variable of math ability or verbal ability to the latent variable depression. The underlying 
test taking processes are the same in that one response option is “correct” (e.g., in a math ability 
test there is one correct response option per item, in a dichotomous personality inventory there is 
also one “correct” response option which is the response option that endorses the latent variable 
being measured). Therefore, the interpretation of an IRM analysis in this thesis will be conducted 
in the same way that a classical analysis on a personality inventory designed using classical 
methods would be interpreted. Certain items will stand out as functioning poorly, defined in 
various ways, and other items will perform very well, using the same definitions. In a sense, 
items should perform reasonably well regardless of what method of item analysis we used to 
develop the test, or evaluate the test.
The advantages that parametric and nonparametric IRM have over classical techniques 
are worth noting before going into detail on each modeling approach. Classical techniques 
include coefficient alpha (or KR-20 for dichotomous variables), the proportion of individuals that 
endorse an item (used in achievement and aptitude testing as well as attitude scales), and item- 
total correlations or corrected item-total correlations, of items. Corrected item total correlations 
offer information on the discriminability of items in terms of how well the item response options 
discriminate between individuals. Corrected item correlation values close to one indicating 
excellent discriminability. The distinct advantage of IRM techniques over classical methods is 
that item response models do not assume that the measurement of an item’s performance is the 
same over all levels of the latent variable, meaning that reliability, standard errors and other
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indices are not necessarily the same over all levels of the latent variables. Other advantages of 
item response models over classical test theory techniques include (a) information on the amount 
of a latent variable one needs to be likely to endorse an item, (b) the probability of falsely 
endorsing an item, and (c) test (scale) characteristic functions which provide information 
regarding where the scale performs on the latent variable continuum. TESTGRAF is a computer 
program that is based on nonparametric IRM (to be discussed later on in this thesis) and provides 
all of the above benefits as well as five others: (i) the graphical nature of the program improves 
the interpretability and the item information format, (ii) sample sizes do not need to be as large in 
order to attain accurate results, (iii) the program is easy to acquire and is available on the World 
Wide Web at no cost, (iv) the program measures how well items function together regardless of 
the latent variable, making it in a sense “theta free” (Ramsay, 1993), and (v) because the data are 
not fit to a prior function, the data “speaks for itself’ in the sense that data are not fit to 
predetermined functions. These points will be addressed in more detail in Chapter 11 once the 
fundamentals of IRM have been introduced.
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Chapter II 
Item Response Modeling and the EPQ
Before introducing an explanation of item response modeling, the reader should note that 
the purpose of this thesis is not to provide detailed mathematical explanations of IRM 
procedures. Rather, the description of item response modeling will focus on the interpretability 
o f results, as well as general descriptions of procedures and techniques with the end goal of 
familiarizing the reader with this area of psychometrics and IRM’s potential for data analysis in 
the social and behavioural sciences. For detailed mathematical descriptions of item response 
modeling the interested reader may refer to Hambleton and Swaminathan (1985), Lord (1980) or 
Weiss and Yoes (1991). For our purposes, the item response models can be classified as those 
that are parametric and those that are nonparametric. In this chapter, 1 will review parametric 
item response modeling, assumptions of parametric item response modeling, non-parametric 
item response modeling, and differential item functioning. This chapter will close with a review 
of the few studies that have applied IRM to the Eysenck Personality Questionnaire.
i) Parametric item response modeling
Item response modeling, in general, according to Hambleton, Swaminathan, and Rogers 
(1991), is based on two postulates; i) that the performance of an examinee on a test item can be 
explained or predicted from a set of factors called "traits, latent traits, or abilities" and ii) that the 
relationship between examinees' item performance and the set of traits underlying performance 
on that item, can be described as an item characteristic curve (ICC). A parametric ICC is the
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monotonically increasing function to which items are fit in most item response models. 
Historically, the function was the normal ogive function but was later replaced with the more 
tractable logistic function. Parametric ICCs vary in terms o f their position on the X-axis, their 
slope, and their intercept with the Y-axis. All of these differences between ICCs provide detailed 
information on various aspects of the item. Figure 1 gives an example o f a parametric ICC.
1.0
<
ao
3-3 -2 0 1 2■1
ThETA
Figure I. A logistic (parametric) item characteristic curve.
Please note that the ICC is a S-shaped function. Furthermore, conceptually the ability 
level of an item, usually denoted as theta ( 0 ) is the X-axis of any ICC. The ability scores of the 
group being tested are transformed such that the average ability is 0 with a standard deviation of 
1. This item characteristic, therefore, is usually presented in terms of z-scores with 3 standard 
deviations in either direction. Therefore a +3 would indicate a position 3 standard deviations 
above the mean level of ability. The item characteristic curves are placed on the X-axis according 
to where they differentiate in terms of theta, typically indexed on a standard normal metric. For
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example, if an item on a math ability test is very difficult (i.e., most people get it wrong), it 
would be placed at the far right on the X-axis or in the 2 to 3 z-score math ability range. 
Conversely, a very simple math item (i.e., most people get the item right) would be placed at the 
far left o f the X-axis or in the -2 to -3 z-score math ability range. To place an ICC on theta one 
must find the midpoint between where the ICC intersects the Y-axis and 1 on the Y-axis, then 
follow the corresponding point on the ICC down to the X-axis.
In personality inventories, items are measured in terms of latent trait levels rather than 
ability levels. Examples of latent traits in personality are theoretical constructs such as 
depression, anxiety, extraversion, neuroticism, and risk-taking. For example, if  an item on an 
anxiety scale is found to measure anxiety at the low end of the latent trait (i.e., it differentiates 
among people who have low latent levels of anxiety), the item would be placed on the far left of 
the X-axis (i.e., in the -2 to -3 z-score range). Conversely, if an item is found to measure anxiety 
at the high end of that latent trait, then the item would be placed at the far right end of the X-axis 
(i.e., in the 2 to 3 z-score range). Figure 2 gives an example of two ICCs that differentiate in 
different latent trait areas for anxiety (i.e., -0.75 and 0.75). The gray broken lines running firom 
the 0.5 point on the Y-axis to the -0.75, and 0.75, areas on the X-axis, respectively, are a guide 
for determining where these items function on theta.
The curves represent the likelihood of a typical examinee endorsing an item at a given 
level of 0. The Y-axis on an ICC is the probability of endorsing an item (denoted as P-theta).
One and two parameter item response models assume that all of the ICCs intersect the Y-axis at 
the zero point. This is often operationalized as examinees having a near-zero probability of
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endorsing an item if they have a very low level of the latent variable (i.e., a theta z-score of -3 or 
less). The ICCs shown in Figure 2 satisfy this assumption.
ITEM<
200
1.00ao
Figure 2. Two item characteristic curves with different theta values as an example o f I-parameter 
model ICCs.
Given that an overall description o f ICCs has been presented, I will discuss the 
parameters of these functions. Typically, three parameters are used to define an ICC. These 
parameters are a, b, and c parameters. The b parameter represents the amount of the latent trait 
one must possess (i.e., the point along the continuum of variation) so that the likelihood of 
endorsing the item is midway between the lowest value, c, and 1,
^ c + rPr (I)
In 1 and 2-parameter models c in this equation is often fixed to a value of 0, so that the b 
parameter represents the amount of a latent variable one must possess so that the likelihood of 
endorsing the item is 0.5. Based on this method of explanation it is not surprising that, in
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achievement or aptitude testing, this parameter is often referred to as the item difficulty 
parameter. The difficulty o f an item is based on the standard normal metric with items at the 
positive extreme of the z-score range considered “difficult” and items at the negative extreme of 
the z-score range considered “easy”. In personality testing, the b parameter is better 
conceptualized as a threshold parameter because b represents the point along the continuum of 
variation at which the individual has a greater likelihood of endorsing the item than not 
endorsing the item. For example, in Figure 2 we can see that item 2 would require less of the 
latent variable to endorse it (i.e., an examinee would only have to be approximately -0.75 z- 
scores ftrom the mean level of the latent variable to endorse the item) than item 1, which would 
require more of the latent trait to endorse that item (i.e., an individual would have to be 0.75 z- 
scores fi'om the mean level of the latent variable to endorse the item). It should be noted that in 
Rasch modeling b is conceptualized as D, which will be discussed briefly later on in this chapter.
The a parameter is the slope parameter, which indicates how rapidly the ICC rises from 
it’s lowest value, c, to it’s maximum value of 1. This parameter gives an indication of how well 
the item differentiates among individuals on the latent variable (theta).
The c parameter is the lower asymptote of the ICC. In ability and achievement testing, 
this parameter is known as the pseudo-guessing parameter because it provides information on the 
probability of endorsing an item if an individual has very little of the ability being measured. For 
example, if an item has a c parameter value of approximately 0.30 this would mean that one has a 
probability of 0.30 of endorsing the item even if  they have a very small amount of the latent 
variable being measured.
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Put simply, then, the c parameter is the Y-axis ICC intercept, the b parameter is the 
placement of the ICC over the X-axis, and the a parameter is the slope of the ICC. With this said, 
the 1,2, and 3-parameter logistic item response models can now be discussed. The one parameter 
model, a special case of which is the Rasch model (cf. Rasch, 1960; Wright & Stone, 1979), sets 
the c and a  parameters at fixed values so that the only attribute of the ICC that is varied is the b 
parameter (i.e., level of the latent variable theta). The 2-parameter model sets the c parameter at a 
fixed value (usually 0) and uses the b (item threshold) and a (item discrimination) parameters to 
describe the ICC. Finally, the 3-parameter model uses the a, b, and c parameters to describe the 
item’s functioning, bringing in all of the descriptive attributes of the 2-parameter model, as well 
as the c parameter to provide information on the likelihood of endorsing an item if one possesses 
very little o f the latent variable. The formula for a three parameter logistic ICC is as follows,
ttS S S i'
where Pr(0) denotes the probability of endorsing an item at a given level of the latent variable, 9, 
and the a, b, and c parameters are described above.
With this background let us now discuss some examples of 1,2, and 3-parameter models. 
Our goal at this stage is to familiarize the reader with the various models. Figure 2 is an example 
of a 1-parameter item response model for two items. As discussed above, item 2 has a b 
parameter value of approximately -0.75 and item 1 has a b value of approximately 0.75. The 
slopes of the ICCs are identical; the two c parameter values are also identical and fixed at zero. 
This 1-parameter model only provides us with information on the item threshold.
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Figure 3 is an example of a 2-parameter item response model. It can be clearly seen that 
the slope of item 5 is steeper than the slopes of the other items. This item discriminates very well 
at a latent variable level o f approximately I z-score because the function represents a narrow 
margin o f theta in the ptheta range of 0.50 (item 4 covers a large area of theta in the ptheta range 
of 0.50 and therefore is a less discriminating item). Note that all items rise from the 0 point to 
their maximum value o f 1. Therefore, items with steep ICCs discriminate on a narrower margin 
of theta than do items with gradually sloped ICCs. Put another way the more gradual the slope of 
an ICC the less discriminating that item is on theta, the steeper the slope the more discriminating 
that item is on theta.
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Figure 3. An example of three items fit to a 2-parameter item response model.
Finally, several items have been fit to a three parameter model shown in Figure 4. We can 
now clearly see all three parameters being represented in the ICCs. Item 7 has a c parameter
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value of approximately 0.30, meaning that an individual with a very low amount of the latent 
variable has approximately a 0.30 probability of endorsing that item. Item 8, on the other hand, 
has a c parameter of approximately 0.10, close enough to zero to not be considered problematic 
in terms of an individual with a low amount of the latent variable falsely endorsing the item. 
Determining how high a c parameter value must be before it can be considered problematic 
depends on what the items are measuring, and the population being tested. Note also that item 7 
has a fairly gradual slope, indicating that the item is less discriminating than item 9, which has 
quite a steep slope.
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Figure 4. Three items fit to a 3-parameter item response model.
In light o f the above examples it may be useful at this point to present some information 
on the acceptability of ICC parameter values. Typically, b values will range between 
approximately -3 to 3. If some items have b values that are much larger, in either the positive or
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negative directions (e.g., b = l  orb  = -7), the item may not be of much use in terms of measuring 
a latent variable. For example, if  an item designed to measure the latent variable depression has a 
b value of 10, this item would measure a level o f depression so high that it would be very rare to 
encounter an individual who would have enough of the latent variable to endorse that item. 
Typically, values of a greater than 1 are considered good, with higher a  values indicating greater 
discriminability. Values of c should be close to zero with values approaching 0.5 or more 
considered very problematic.
Another type of measurement model that must be briefly discussed is the Rasch model 
named after the Danish mathematician Georg Rasch (1960, 1966). Rasch modeling is a highly 
versatile and reliable method of evaluating the performance of items. The Rasch model only has 
one parameter which is calculated from an item difficulty parameter D, (6 parameter in a 1- 
parameter model) and a person ability parameter, B„. These parameters are then used to 
determine the probability of person n succeeding on item /. The Y-axis of a Rasch model ICC 
plot is the probability of obtaining the “right answer” or endorsing the item option which is an 
indicator of the latent variable being measured. The X-axis is typically the difference between the 
person parameter and the item parameter (B„- D,). Essentially the Rasch approach models the 
difference between ability and difficulty. Therefore in interpreting the results of a Rasch analysis 
the researcher describes the level o f ability versus the level o f  difficulty the item requires in order 
to be endorsed. By limiting the number of parameters used to characterize an ICC, the more 
stable and elegant the model. In fact, one of the beliefs behind Rasch modeling is that only one 
parameter can exist, and that parameters such as discrimination (a parameter) and pseudo­
guessing (c parameter) are sample dependent artifacts. As a result, data that does not fit a Rasch
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j analysis are considered poor data. Hence items or persons that do not contribute to the Rasch 
analysis are discarded. Therefore Rasch modeling does not try to fit data to a model, instead 
Rasch modeling assumes that all data must fit to the model and if it does not then some aspect of 
the data must be faulty and is discarded. The Rasch model can estimate the characteristics of a 
and c parameters within the Rasch model without using iterative techniques (e.g., by examining 
residual plots one can identify “guessers”, “fumblers”, “plodders” and “sleepers”; Wright, 1983). 
It should also be noted that although mathematically the Rasch model is a special case of the 1- 
parameter item response model, Rasch modeling is considered as being independent from 
traditional 1-parameter models. The Rasch model has been used in the social sciences and 
education to test the performance of personality and achievement test items. Rasch modeling is 
also used to develop item banks, to evaluate item bias (DIF), and to develop tailored tests 
(Wright, 1983). For a more detailed description of Rasch analysis please see Fischer and 
Molenaar (1995).
Now that a description of the models, and the parameters used to describe these models, 
have been presented, the next section will deal with some of the assumptions of logistic item 
response modeling.
11) Assumptions of parametric Item response models
Briefly, four assumptions and properties underlying item response theory will now be 
described. Unidimensionality is a common assumption of item response models. This 
assumption requires the set of items in a test or scale to measure only one dominant component 
or factor. In achievement and aptitude testing as well as in the social and behavioural sciences, it
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is rare to encounter a purely unidimensional component or factor solution because there are so 
many factors that influence the performance of subjects on items and scales. As a result Junker 
and Stout (1994) discuss “essential unidimensionality” which can be defined as a test or scale 
having one dominant or major factor and several minor factors. In contrast to this model of 
unidimensionality there is strict unidimensionality, which can be defined as a test or scale being 
perfectly unidimensional. Strict unidimensionality can be assessed via confirmatory factor 
analysis using tetrachoric correlations (if item responses are dichotomous).
Local independence is the assumption that the only behavior influencing an examinee’s 
response to an item is the latent trait being measured. The latent trait attributes which influence 
an examinee’s performance represent the complete latent space, and when the complete latent 
space consists of only one latent trait, the assumption of strict unidimensionality holds true. If, 
however, the latent trait attributes which influence an examinees’ responses represent the 
complete latent space, and when the latent space consists of one dominant dimension, making the 
scale essentially unidimensional (Junker & Stout, 1994), the assumption of “essential 
independence” holds true. Therefore, when factors that influence test performance are “strictly” 
held constant or “essentially” held constant, such as personality factors, environmental factors, 
and so on, examinees’ responses to any pair of items are independent. It should be noted that if 
the assumption of strict unidimensionality holds then strict local independence will be obtained, 
and if essential unidimensionality holds true then essential unidimensionality also holds true. 
However, local independence can hold true without the assumption of unidimensionality being 
met provided that the complete latent space has been accurately specified. Properly defining the
EPQ 24
complete latent space is necessary so that the dimensions that influence the performance on items 
can be accounted for and kept in mind when interpreting results.
An assumption that must be kept in mind when thinking about how item theta levels are 
calculated is sample heterogeneity. For example, if a researcher wishes to use IRM to examine 
his or her depression inventory, which has been designed for the general population, but uses 
only a clinically depressed sample for the analysis, the results will not accurately reflect how the 
items perform for the predetermined target group. If a heterogeneous sample is used, one can 
assume that within that sample (if it appropriately represents the population firom which it is 
taken) there will be some subjects who are very depressed, some subjects who are not depressed 
at all, and a majority o f subjects who are somewhere in the middle. The depressed individuals 
will most likely endorse items in the direction of depression, the non-depressed individuals will 
most likely not endorse the items in the direction of depression, and the majority of individuals 
in the sample will be somewhere in-between. In this way, the ICCs are calculated to give us an 
idea of how the items function, and at what latent trait level they function for the targeted 
population. Therefore, the ICCs will more accurately reflect the true nature of the items if the 
sample used to analyze the items is heterogeneous. Also heterogeneity is required to obtain 
accurate parameter estimates. For example, if the sample used is not heterogeneous and over 
represents “average” individuals on the latent variable being measured, then there may be not be 
enough individuals in the high and low ranges of the latent variables to obtain accurate parameter 
estimates (i.e., if most o f the individuals are average then there may not be enough extreme 
individuals to represent the high and low latent variable ranges).
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The property of invariance, although not formally an assumption of item response models 
(Hambleton, Swaminathan, & Rogers, 1991), is an important attribute o f item response 
modeling. The property o f invariance states that the same ICC will be obtained regardless of 
what sub-population range on the latent trait is examined. This concept can be understood most 
easily firom the perspective of univariate regression. The regression line in univariate regression 
will remain the same regardless of what subset o f sub-populations on the X-axis is examined 
(i.e., the slope or direction o f the line will not change regardless o f what range on X is selected). 
For example, in Figure 5 a regression line is shown with 5 values for X. Theoretically if values 
X=2 and X=4 were removed firom the graph the regression line would not be altered because the 
other values of X would maintain the direction and slope of the regression line. In like manner, 
an ICC would not change form if only certain theta ranges were examined rather than the 
continuum of theta firom -3 to 3, the ICC would remain invariant.
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Figure 5. Example of univariate regression used to explain the property of invariance, 
iii) Parameter estimation techniques and software for parametric IRM
With these assumptions and properties in mind, there are many parameter estimation 
techniques and computer software packages available for fitting item response models. 
Hambleton, Swaminathan and Rogers (1991) list 12 computer packages available to fit logistic 
item response models. These packages vary mainly on their methods of parameter estimation and 
the types of item response models they can fit. A few of the more popular IRM software 
packages listed by Hambleton, Swaminathan and Rogers are BILOG (Mislevy & Bock, 1984) 
which uses marginal maximum likelihood estimation and optional Bayesian estimation, 
MULTILOG (Thissen, 1986) which handles multi-category analyses, ASCAL (Assessment 
Systems Corp., 1988) which uses a modified Bayesian parameter estimation procedure.
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RASCAL (Assessment Systems Corp., 1988) which fits Rasch models using unconditional 
maximum likelihood estimation, and LOGIST (Wingersky, 1983; Wingersky, Barton & Lord, 
1982) which also uses an unconditional maximum likelihood estimation procedure. Individuals 
interested in software for Rasch modeling should also consider programs like BIGSTEPS, 
produced by MESA Press. In short, a Bayesian estimation procedure sets prior distributions on 
the item and latent variable parameters to eliminate some problems that are encountered by 
maximum likelihood estimation (e.g., inappropriate parameter estimates and noncovergence). 
Marginal maximum likelihood procedures hold constant the latent variable parameters while 
item parameters are estimated, after which the latent variable parameters are then estimated. 
Unconditional maximum likelihood only estimates the b parameter in a 1-parameter model, thus 
holding nothing constant. For more detailed information on these item response modeling 
procedures and software see Hambleton, Swaminathan, and Rogers (1992).
One limitation of these item response modeling procedures are the large sample sizes 
required. For example, in marginal maximum likelihood procedures, the latent variable 
distribution must be approximated, necessitating large sample sizes for accurate approximations. 
In Rasch modeling large sample sizes are not so much of a problem (i.e., because only one 
parameter is being estimated analyses can be performed on smaller sample sizes). However, let 
us not forget deGruijter’s (1986) warning that small sample sizes do not always justify a Rasch 
modeling approach. It should be noted that large sample sizes typically are not all that is 
required; the sample must also be distributed reasonably evenly over the latent variable 
continuum. As many social and behavioural scientists know, achieving a satisfactory cross-
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section o f the population on a latent variable is very difticult; therefore, parameter estimates are 
frequently affected by the distributions of the data being modeled.
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iv) Nonparametric item response modeling
Nonparametric item response modeling is nonparametric in the sense that the ICCs are 
not fit to a smooth well-behaved increasing function. Nonparametric ICCs do not necessarily 
need to resemble monotonically increasing functions and hence take the shape of the data rather 
than fitting the data to a predetermined form. Nonparametric regression is used to model the 
functional relationship between the probability of endorsing an item (or, in fact the probability of 
endorsing any of the options not just the one considered to measure the latent variable) and the 
value of the latent variable. The technique is nonparametric then, in the sense that it lacks 
assumptions regarding the form of the relationship between the response and explanatory 
variables (i.e., a logistic curve function). The nonparametric function that relates the probability 
of endorsing an item to the value of a latent variable depends on a large number of parameters.
No longer are items fit to logistic functions where 3 parameters are sufficient to display their 
form. The nonparametric ICCs may look very different than those plotted using parametric 
techniques, and at the same time relay a great deal more information regarding the functioning of 
the item.
The technique to be used in this thesis was developed by Professor Jim Ramsay at McGill 
University, and implemented in his program TESTGRAF. The technique relies on Kernel 
smoothing procedures (i.e., Gaussian Kernel). These mathematical procedures will not be 
discussed in detail in this thesis due to the applied nature of this project; however, the interested 
reader can refer to Ramsay (1991,1993) for mathematical details. Using this approach the ICC 
need not be nearly as well-behaved as the curves shown in Figures 1 though 4. In fact, the form
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of the function is determined more by the data than a predetermined function into which the data 
is then fit, such as the three parameter model described in equation (2). The likelihood of 
endorsing an item, for example, may increase or decrease as a function of theta. Figure 6 shows 
an example of a nonparametric ICC as produced by TESTGRAF.
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Figure 6 . An example of a nonparametric ICC using TESTGRAF.
At first glance we can see that the function is not as well behaved (i.e., the ICC is not smoothly 
rising from a probability of 0 to 1, the curve dips and rises without following the logistic curve 
shape) as the parametric ICCs previously shown. The line with the vertical bars around it, 
marked as 1, is the ICC for the response option measuring the latent variable. The vertical bars 
indicate 95% pointwise confidence limits, which are not confidence limits for the entire curve 
but rather limits at several points on the standard normal scale. The alternative response option is
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the line without confidence limit bars, marked as 0, which is the ICC of the alternative response 
option o f a dichotomous item (i.e., the response option that does not measure the latent variable). 
The point at which the two curves cross on the X-axis, in this example at approximately -0.5, is 
the theta level at which the item fimctions the best, where the likelihood of endorsing the item is 
0.50.
The nonparametric IRM technique, as implemented in TESTGRAF, replaces the 
observed aggregate score with a ranking, then replaces the ranks with standard normal quantiles 
(i.e., z-scores). Gaussian kernel smoothing is then applied prior to the nearest neighbor 
nonparametric regression. Briefly, nearest neighbor nonparametric regression involves taking 
corresponding local averages along the x (x,) and y-axes (y,) such that the local averages on the x- 
axis approximate a target value (x )^. The target value is like a mean value that is calculated firom 
the aggregate scale mean (at z-score level 0) within a certain bandwidth range (e.g., -3 and - 
2.98). This target value is then compared to the local average value and plotted with the 
corresponding y-axis local average (Ramsay, 1993). It should be noted that the bandwidth size 
depends on the number of respondents. Local averaging is a sound method of determining the 
relationship of y and x provided that we assume that the function that relates the two is smooth 
(i.e., smooth in the sense that the function accurately characterizes most of the data points with 
no gaps). A Gaussian Kernel smoothing is used, therefore, to smooth the local averaging function 
so that it approximates the true function of the data.
Because one cannot physically measure a latent variable, monotone transforms are used 
by TESTGRAF to preserve the rank ordering of scores so that an indicator of theta is possible 
within a certain range. TESTGRAF offers four options for the abscissa in the graphical displays
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(Ramsay, 1993). These are a Standard Normal Quantile abscissa (shown in Figure 6), Expected 
Scale Score which displays the score distribution on a test (e.g., if a test had 23 items, the 
abscissa would range from 0 to 23 along the axis). Formula which is used for multiple choice 
tests only, and Observed which is the observed score values. All plots displayed in this thesis 
will use the standard normal quantile abscissa because they are familiar to social and behavioral 
science researchers (i.e., researchers tend to think in terms of z-scores or weighted distances from 
the mean), and because they are the quantities used to compute the smoothing regression.
TESTGRAF produces other graphical displays (other than the ICCs for each scale) that 
will be examined in this thesis: test characteristic curves, standard deviation curves, test 
information function, conditional standard error, conditional reliability functions, principal 
components plots, probability density for total score plots, and DIF plots. The test characteristic 
curve shows how the scale score increases as the standard normal quantile increases from -2.5 to 
2.5, and the standard deviation of total score curve describes how the standard deviation changes 
as a function of theta. Figure 7 gives an example of a test characteristic curve and a standard 
deviation of total score curve. The test characteristic plot indicates that as the theta level of an 
individual increases so does the expected total score on the scale, in this case starting at a score 
of 3 at a theta level of -2.5 and increasing to 22 at a theta level of 2.5. The standard deviation of 
total score plot indicates that the most variability in scores is in the low and mid ranges of theta 
with much less variability at the extreme high end of theta (most likely because test-takers at a 
theta level of 2.5 will almost always endorse the items in the scale, thereby decreasing the 
standard deviation of the total score).
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Figure 7. An example of a test characteristic curve and a standard deviation of total score curve 
produced by TESTGRAF.
The test information function shows how the scale performs as a whole on theta (i.e., where does 
the scale discriminate best on theta), and the conditional standard error shows how the standard 
error changes as a function of theta. Figure 8 is an example of a test characteristic curve and a 
standard deviation curve. The test information function in Figure 8 indicates that the scale being 
measured gives the most amount of information in a theta range of between approximately -0.5 
and 0.5. The standard error curve indicates that the standard error is highest at both ends of the 
latent variable continuum, and lowest in the theta range where the scale provides the most 
information (i.e., between -0.5 and 0.5).
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Figure 8 . An example of a test information function and a standard error curve produced by 
TESTGRAF.
The conditional reliability (conditional on theta) plot gives an indication of how the reliability 
changes as a function of theta. Figure 9 below is an example of a conditional reliability plot. 
Figure 9 indicates that the reliability of the scale is highest in the middle theta range (between - 
0.5 and 0.5), with the reliability being lowest at the extremes of theta (i.e., -2.5 and 2.5). It should 
be noted that the standard error curve will be the inverse of the reliability curve because where 
reliability is maximized standard error is minimized.
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Figure 9. An example of a conditional reliability plot produced by TESTGRAF.
The purpose of the principal components plots is to plot all of the scale items simultaneously in 
order to display relationships among them. Note that the curves are centered (i.e., set to a mean 
of zero) before component analysis. Considering the metric of the two components they are the 
conventional scores that arise from principal components analysis and indicate how much of 
each component is found in that curve. Component 1 (horizontal axis) represents the item 
“difficulty” (in this context item difficulty can be replaced by item threshold where a “difficult”
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item is one in which a large amount of the latent variable is needed in order to endorse the item) 
with items far to the right on the horizontal axis having the lowest thresholds and items far to the 
left having the highest thresholds. Component 2 (vertical axis) is the discriminability of the item 
where items near the top of the vertical axis are highly discriminating and items low on the 
vertical axis are less discriminating. The components are not an absolute measurement of 
difficulty or discrimination but rather relative measures. Figure 10 is an example of a principal 
components plot. It can be clearly seen that item 11 is a well discriminating item and has a high 
threshold whereas item 12 is a poorly discriminating item with a low threshold.
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Figure 10. An example o f a principal components plot produced by TESTGRAF.
The probability density for total score plots show how probable scores are by the height of the 
curve. The most widely known example of a probability density function is the “bell” curve. 
Figure 11 is an example of a probability density for total score plot. As Figure 11 indicates the
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probability of obtaining a score between 12 and 16 (approximately the middle of the scale in 
terms of scores) is much greater than obtaining a very high or very low score.
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Figure 11. An example of a probability density for total score plot produced by TESTGRAF.
The TESTGRAF DIF plots overlay the ICCs for an item from two groups (e.g., males and 
females), giving the researcher an indication of how the items perform for each group. An
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example of a TESTGRAF DEF plot is provided in Figure 12. The item shown in Figure 12 may 
display DIF based on the area between the two ICCs (l=male, 2=female). TESTGRAF DEF plots 
will not be included in the analyses of this thesis for several reasons. The plots are difficult to 
interpret in that there are no criteria presently established for what should be considered a large 
enough area between the curves to flag an item as displaying DIF. TESTGRAF does provide 
values in the upper right comer of each DIF plot which indicate how much DIF is occurring for 
each item. However, to date these values have not been investigated enough to set a criteria for 
DEF. It has been suggested that using a technique such as bootstrapping to investigate these 
TESTGRAF DIF values could lead to criteria being established for the measurement of DIF.- 
Despite the problems listed above, the TESTGRAF DIF plots can be used in much the same way 
as boxplots are used, as a graphical method of exploring data and identifying potential problems.
2 J. O. Ramsay, Personal Communication, June 28, 1996.
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Figure 12. An example of a gender DIF plot produced by TESTGRAF.
At this point a discussion of how the assumptions for parametric IRM impact on the 
accuracy of TESTGRAF’s calculations will be presented. The assumption of unidimensionality 
is important when using TESTGRAF in order to interpret the results. The researcher should 
know what the scale is supposed to measure, and the scale should be essentially unidimensional. 
For example, if a scale designed to measure depression is analyzed using TESTGRAF, then the 
resulting graphical displays would be interpreted based on the knowledge (through validity 
checks) that the scale is measuring depression. In measuring depression several other latent
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variables may be measured simultaneously by the scale, such as worry, fear, energy level, and so 
on. As with all psychological measurements several latent variables may be tapped by the scale, 
making the assumption of unidimensionality difficult to satisfy. However, if the scale measures a 
dominant latent variable (i.e., essential unidimensionality), this is a sufficient condition to justify 
interpreting the results and trusting the analyses. It should be noted however that 
unidimensionality is not a necessary condition for analyses run on TESTGRAF. TESTGRAF 
will give an indication of how items perform together regardless of whether they measure a 
single latent variable, however interpretation o f the results would be very difficult if  there is no 
theoretically common latent variable.
Sample heterogeneity should be kept in mind even when using a nonparametric IRM 
technique. As discussed earlier, the sample tested should approximate the standard normal 
quantile in terms of theta. With parametric IRM estimation techniques (e.g., maximum likelihood 
parameter estimation), the importance of large sample sizes and sample heterogeneity is essential 
for accurate parameter estimations. TESTGRAF allows for smaller sample sizes (because the 
technique is graphically-based and does not involve intensive statistical parameter estimation 
techniques; TESTGRAF’s graphical methods are much like box-plots or other data visualization 
tools, the accuracy of the plots are not necessarily determined by the sample size) and less 
stringent distributions of subjects over the latent variable continuum (i.e., because scores are 
ranked into a standard normal distribution it is not necessary to have a perfect distribution of 
scores along the latent variable continuum). However, larger sample sizes and sample 
heterogeneity will, if nothing else, increase the representativeness of the TESTGRAF plots.
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The property of invariance does not hold for TESTGRAF because the slope of the ICC 
can change along the latent variable range. For example, the slope of a TESTGRAF ICC does not 
have to be the same at a theta level of -2 as at a theta level of 1. This is, o f course, intuitive 
because the ICCs produced by TESTGRAF do not follow a logistic function and therefore can 
climb or fall as the data dictate.
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v) Differential Item Functioning
One important application of IRM is differential item fiinctioning (DIF). Differential item 
functioning is used to identify potentially biased test items between groups of individuals (e.g., 
males versus females, First Nations individuals versus non-First Nations individuals).
Hambleton, Swaminathan, and Rogers (1991) quote a definition of DIF used in recent legal 
settlements and legislation on fair testing: “an item shows DIF if  the majority and minority 
groups differ in their mean performances on the item” (p. 109). They continue with a definition 
accepted by psychometricians which is that “an item shows DIF if individuals having the same 
ability, but from different groups, do not have the same probability of getting the item right” (p.
110). In personality testing, DIF could be defined as follows: An item shows DIF if individuals 
possessing the same amount of the latent variable, but belonging to different groups, do not have 
an equal probability of endorsing the item. This definition will be the basis of the DIF analyses 
used in this thesis.
Conceptually, DIF is assessed by comparing the ICCs of different groups on an item. The 
same item is plotted separately for each group that the researcher wishes to evaluate (e.g., gender, 
race, socioeconomic status) and compared using a variety of techniques. If the ICCs are identical 
for each group, or very close to identical, it can be said that the item does not display DIF. If, 
however, the ICCs are significantly different from one another across groups, then the item is 
said to show DIF. The differences between ICCs can be determined either by comparing the item 
parameters (a, b, and c values in parametric IRM) using a hypothesis test, or by calculating the 
area between the ICCs with cutoff criterion as to how much space is tolerated between the
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curves. The latter option is widely accepted as being the most accurate although there is debate 
about each method's accuracy. Although Rasch modeling approaches to the calculation of DIF 
will not be discussed in great detail in this thesis, one method of calculating DIF using a Rasch 
model is to plot the D; values for group one on the X-axis and the D; values for group two on the 
Y-axis to determine a relationship between the two. In Rasch modeling, because c and a 
parameters are not calculated, the D; parameter obtained for each item from each group can be 
used to investigate whether items display DIF. Techniques used to calculate DIF will be 
discussed in more detail in further sections.
Some examples of ICCs that do demonstrate gender DIF and some examples o f items that 
do not demonstrate DIF will now be presented. Figure 13 is an example of an item that does not 
display gender DIF. As we can see the area between the curves is very small and the parameters 
for each curve would be nearly equivalent. Figure 14, on the other hand, gives an example of an 
item that displays substantial gender DIF with a very large area between the two ICCs. The 
parameter estimates would be very different for these ICCs. This type of DIF is known as 
uniform DIF because the ICCs do not cross. An item such as the one shown in Figure 14 may not 
be an equivalent measure of the same latent variable for both genders. Figure 15 is an example of 
an item that displays substantial nonuniform gender DIF (i.e., the ICCs cross over one another).
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Figure 13. An example of an item that does not display gender DIF using parametric item 
response modeling.
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Figure 14. An example of an item that displays substantial uniform gender DIF using parametric 
item response modeling.
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Figure 15. An example o f an item that displays substantial nonuniform gender DIF using 
parametric item response modeling.
Methods of calculating DIF fall into two general categories: IRM techniques and non- 
IRM techniques. Some examples of IRM techniques for calculating DIF include comparing the 
item parameters using a statistical contingency table (such as Chi-Square procedures), or 
calculating the area between two ICCs. Briefly, the contingency table methods compare the 
parameter estimates and test the null hypothesis that the parameters are the same for both groups. 
The hypothesis is either rejected or not rejected based on the values obtained firom the DIF 
analysis and the contingency tables. Comparison of statistics for calculating DIF in this manner 
have been discussed at length by Lord (1980). Problems with this method include the inaccuracy 
of calculating c parameters which causes the hypothesis test results to change, the large sample 
sizes needed to obtain accurate estimates of the parameters because they are measured based on
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unknown latent variable distributions (Hambleton & Swaminathan, 1985), and the inflated false 
positive rate of Chi-Square procedures (McLaughlin & Drasgow, 1987).
Examining DIF by calculating the area between the ICCs is another IRM technique. 
Parameters are placed into an equation and the area between the ICCs is calculated. If the item 
does not display DIF, the area between the curves should be zero (or near zero). This method can 
only be used for one and two parameter models because, as Raju (1988) has shown, if  the c 
parameters are not equivalent for each group the area between the ICCs is infinite and therefore 
incalculable. If the item does display DIF, the area between the curves will be substantially larger 
than zero. Problems with this approach include establishing a cut-off criteria for how large the 
area between the curves can be before the item would be flagged as displaying DIF. Methods to 
establish these cut-offs may incorporate Monte-Carlo techniques to produce samples that 
approximate the actual group samples, or splitting group samples and calculating the area 
between curve values to use as a comparison. Monte-Carlo methods are useful although 
computer intensive, and splitting the group samples lowers the accuracy of parameter estimates, 
thus causing difficulties in establishing accurate DIF criterion.
Due to the difficulties associated with IRM approaches to assessing DIF, several non- 
IRM approaches have been developed. The most widely used approach is the Mantel-Haenszel 
method which uses a 2x2 table of frequencies (Item response option scores are either 1 or 0, by 
reference group or focal group) and a Chi-Square distribution with one degree of freedom. 
Mantel-Haenszel statistics greater than the value of the Chi-Square distribution at a pre­
determined alpha level indicate that the reference and focal groups differ consistently on an item, 
thus the item displays DIF. Because the Mantel-Haenszel technique cannot detect nonuniform
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DIF, the usefulness of this technique is limited. Other non-IRM methods o f assessing DIF 
involve logistic regression procedures, which are capable of detecting uniform and nonuniform 
DIF (Swaminathan & Rogers, 1990).
The method of detecting DIF to be used in this thesis is a logistic regression approach 
including a new index o f DIF effect size by Zumbo and Thomas (1996). This procedure will use 
the item response (0 or 1) as the dependent variable, with gender (coded as l=male, 2=female), 
total scale score for each subject (characterized as variable TOT) and a gender by TOT 
interaction as independent variables. This method will provide a test of DIF: conditionally on the 
relationship between the item response and the total scale score, testing the effects of gender for 
uniform DIF, and the interaction of gender and TOT to assess nonuniform DIF. The logistic 
regression equation is
Y = bo + biTOT + bjGENDER + bjTOT^GENDER. (3)
where Y is a natural log o f the odds ratio. That is, the equation
In Pi = 6g + b^tot + bjgertder + 63 (tot * gender), (4)
0 - A ) .
where p  is the proportion of individuals that endorse the item in the direction of the latent 
variable. One can then test the 2-degree of freedom Chi-Square test for both uniform and non- 
uniform DIF. The main objective of the Zumbo and Thomas (1996) method is to link 
conceptually linear regression and logistic regression by obtaining an R  ^fit measure for a logistic 
regression, then additively partition this R  ^measure for each independent variable (in this case 
TOT, GENDER, and TOT*GENDER). Regression variable ordering is important because adding 
independent variables one at a time into the equation, based on theory, allows for examination of
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change in the hierarchical regression. The theory behind the variable ordering in the Zumbo 
and Thomas (1996) method is that most of the variance will be accounted for by the total score 
(TOT), next the effect of gender is examined (GENDER) while holding constant the effect o f the 
total score, and finally the interaction is added (TOT* GENDER) which describes whether the 
difference between male and female responses on an item varies over the latent variable 
continuum. In this way the R  ^change (R^A) can be used as an indicator of the relative importance 
of each component of the analysis by providing an effect size measure. Cohen’s (1992) effect 
size criteria can be used to rate the size of the R^A values with 0.0196 a small effect, 0.1304 a 
medium effect, and 0.2592 a large effect. For example, if the regression model above was applied 
to an item and it is found that the model accounts for a total of 80.731% of the variability in item 
responding, of which 71.582% is due to TOT, 9.148% is due to gender, and 0.001% is due to 
interaction, then it can be said that TOT accounts for most of the variability explained by the 
model, with gender explaining a reasonable amount of variability (approximately 9%, a small to 
medium effect size) and the interaction explaining next to nothing (much less than 1%). It would 
be safe to say that gender DIF may be present for this item and that the type of DIF is uniform. In 
this way scale items can be analyzed to determine the characteristics of each in terms of DIF.
A recent article by Langenfeld (1997) categorizes DIF procedures in terms of the criterion 
variable used to estimate DIF, and the ability o f the procedure to detect nonuniform DIF. Figure 
16 shows the categorization of DIF procedures based on the Langenfeld (1997) article. All DIF 
procedures are capable of assessing uniform DIF, which occurs in a situation where there is no 
interaction between the probability o f endorsing an item and the group membership being tested 
(e.g., gender). Therefore an item displays DIF uniformly for both groups across the latent
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variable continuum. Nonuniform DIF occurs when there is an interaction between the probability 
o f endorsing an item and the group membership being tested. If an item displays nonuniform DIF 
then the probability of endorsing the item for each group inverts somewhere along the latent 
variable continuum. For example, in Figure 15 the probability of a female endorsing the item is 
higher than males at the low end of the latent variable continuum, but then changes so that males 
have a higher probability of endorsing the item in the middle and high ranges of the latent 
variable continuum.
Criterion Variable
Observed Score Latent Score
Uniform DIF Mantel-Haenszel Item response modeling 
procedures (e.g., l- 
parameter model)
Non-uniform and Uniform Logistic Item response modeling
DIF Regression procedures (e.g..
Procedures TESTGRAF)
Figure 16. Categorization of DIF procedures based on the criterion variable used and the ability 
to detect uniform versus non-uniform DIF.
Langenfeld (1997) also discusses the concept of test impact versus bias (DIF). Even if 
two groups have unequal mean scores on a scale, this may not necessarily indicate that the scale 
is biased, rather it may indicate that the scale has a different impact for each of the two groups. 
For example, it is well known that mean score differences for males versus females on tests of 
mathematical aptitude (e.g., SAT-M) have been found consistently for many years. This 
difference does not necessarily indicate that the test is biased against one group, rather this 
difference may simply exist because males and females score differently on the test. When
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assessing DIF using IRM or non-IRM techniques item responses for both groups being assessed 
are standardized on the same latent variable continuum (e.g., math ability). Therefore an item 
that displays gender DIF would occur when men and women, who are equivalent in ability or the 
latent variable being measured, have different probabilities o f endorsing the item.
The use o f DIF in personality assessment is an invaluable method of appraising the 
fairness of items for different groups. For example, if a personality inventory widely used to 
assess psychopathology is discovered to have several items that are biased towards a certain 
group, this could have a great deal of impact on the use and interpretability of the instrument. If 
the instrument is used by a parole board to assess the competency of forensic psychiatric patients 
to stand trial, and several of the items in the instrument are found to be biased toward males, this 
may be grounds to question the use of the instrument in an area where the accuracy of the 
assessment is crucial for the safety of society. Large testing companies such as Education Testing 
Services use DIF a great deal to assess the fairness of items on the SAT or GRE for different 
groups. Because IRM has only recently become widely usable, it is likely that more exploration 
of item bias in personality instruments will be pursued. For an example in the literature of how 
DIF can be used in personality testing see Thissen, Steinberg, and Gerrard (1986).
EPQ 52
IRM and Personality
The application of item response modeling techniques to popular personality inventories 
is growing. Some commonly-used personality inventories that have been evaluated using item 
response modeling techniques are the California Psychological Inventory (CPI; Kamakura & 
Balasubramanian, 1989), the Multidimensional Questionnaire (MPQ; Reise & Waller, 1990), the 
Millon Clinical Multiaxial Inventory (MCMI; Kreiner, Simonsen, & Mogensen, 1990), the Trier 
Personality Inventory (TPI; analyzed by Ellis, Becker, & Kimmel, 1993), and the Beck 
Depression Inventory (BDI; analyzed by Hammond, 1995). In addition to parametric item 
response modeling methods, non-parametric techniques have also been applied to the Beck 
Depression Inventory. Santor, Ramsay, and Zuroff (1994) analyzed the BDI using Ramsay’s 
nonparametric item response modeling technique, specifically examining DIF of various items 
for males versus females in both depressed and non-depressed groups.
Theory behind the EPQ scales
The Eysenck Personality Questionnaire, the focus of this thesis, is very widely used in the 
area of personality assessment. H. J. Eysenck’s general theory behind certain personality 
dimensions have been summarized well by Eysenck and Eysenck (1992, p. 217), “individual 
differences in personality depend ultimately on underlying physiological processes.” The 
interrelationship between the “visceral brain” (VB), the ascending reticular activating system 
(ARAS), and the cortex (together known as the arousal theory of personality; Eysenck, 1967) 
determine certain personality characteristics of an individual. Extraversion, according to Eysenck
EPQ 53
(1967), stems from lower cortical arousal, which drives extraverts to seek external or social 
stimulation. Introversion is the result of the opposite physiological process, where individuals 
with high cortical arousal tend to avoid external social stimulation. Neuroticism is thought to be 
dependent on the visceral brain, which produces autonomic arousal termed “activation”. This 
type of activation, according to Eysenck (1967) is different than the arousal produced by reticular 
activity. Individuals high on neuroticism are thought to produce more activity in the visceral 
brain than individuals low on neuroticism. The concept of Psychoticism is thought to be 
independent from the Extraversion and Neuroticism dimensions o f personality. Psychoticism 
seems to be derived from a theory of the genetic predisposition for schizophrenia, developed by 
Gottesman and Shields (1972) and linked in some ways to schizophrenia and manic-depressive 
illnesses. Eysenck and Eysenck (1976) state that there is a close relationship between criminality 
and high scores on the Psychoticism scale. In addition Eysenck and Eysenck (1976) suggest that 
the Psychoticism scale is a step toward studying degrees of psychoticism in non-patient 
populations, which may help scientists better understand individuals who have large amounts of 
this particular latent variable. Eysenck and Eysenck (1976) summarize their conceptualization of 
psychoticism by stating that this dimension of personality is a polygenetic personality trait 
“largely composed of genes of small value whose actions are additive.” They go on to say, “The 
number of active genes determines the degree of psychoticism which a person demonstrates, in 
interaction with environmental factors not yet discovered.” Scale items of the EPQ were 
developed based on these theories of personality.
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Previous Applications of IRM to the Eysenck Personality Questionnaire
Although the EPQ has been evaluated using an extensive variety of classical models such 
as factor analysis and reliability analyses (e.g., Barrett & Kline, 1982; Eysenck, Eysenck, & 
Barrett, 1985; Goh, King, & King, 1982; Helmes, 1980; McKenzie, 1988; Rocklin & Revelle,
1981), to the author’s knowledge, only 3 articles have evaluated the EPQ using item response 
modeling. Ferrando (1994) analyzed the Spanish version of the EPl-A^ Impulsivity subscale 
using I and 2 -parameter logistic item response models finding that the subscale was “a little 
‘difEcult” ’(p. 124) for the group tested (i.e., the level of the latent variable being measured was 
slightly above the mean on a normal metric). Although Ferrando’s examination of the EPl-A 
Impulsivity subscale was thorough, he did not examine the Psychoticism, Neuroticism, 
Extraversion, scale items separately (i.e., a subscale was analyzed rather than one of the main 
scales), substantially limiting the implications of his finding.
Grayson (1986) investigated the latent trait structure of the Eysenck Personality 
Questionnaire using a 2-parameter logistic item response model and found that the Neuroticism 
and Extraversion scales were predominantly unidimensional and fit well to a 2-parameter logistic 
model. Grayson (1986) provided parameter estimates of the items for each scale, recommended 
several short forms, and encouraged others to develop short forms tailored to specific 
applications using his parameter estimates. Grayson (1986) did not assess the EPQ scales using a 
nonparametric technique, nor did he attempt a DIF analysis. An investigation of DIF would have 
also been useful.
 ^ The EPI is similar to the EPQ in that the EPI has the Psychoticism, Neuroticism and Extraversion scales, 
however the EPI does not have the Lie scale which the EPQ does include.
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Mackinnon, et al. (1995) examined the EPQ Neuroticism and Extraversion scales using a 
DIF approach (calculating the area between the ICCs) using data collected and analyzed by 
Grayson (1986). Mackinnon et al. (1995) conducted a DIF analysis of the EPQ-R scales to 
determine whether scale items function differently for young (median 30-39 years) versus an 
elderly sample (70 to 80+ years, mean = 76.28 years) finding no substantial amoimt of DIF for 
most of the items in both scales. These researchers failed to identify the type of DIF analysis 
used to assess item bias, only analyzed the Neuroticism and Extraversion scales, and did not 
examine gender DIF in their study. In summary the scant literature available analyzing the EPQ 
using IRM techniques has never addressed the performance of all four scales using IRM, nor 
assessed the level of gender DIF that the scale items express. This is an excellent foundation for 
this study in that all four of the EPQ scales have never been analyzed using a nonparametric 
technique, and the potential gender DIF of the items has never been examined. Therefore the 
primary theme of this thesis is the application of nonparametric IRM to a personality inventory. 
An obvious secondary theme is the comparison of more conventional item analyses (classical test 
theory) with IRM. With this in mind the methodology for this thesis will now be presented.
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Chapter III 
Method
Subjects
The participants in this study were 922 undergraduates. Of the students who indicated 
their gender, 272 were male and 625 were female. Participants ranged in age from 15 to 54 years 
with a mean age of 20.4 years. These data have been previously reported in Zumbo, Pope, 
Watson, and Hubley (in press) to test a conjecture about the interpretation of item discrimination 
parameters in personality inventories.
Measures
The Eysenck Personality Questionnaire (Eysenck & Eysenck, 1975) is a 90 item 
true/false personality inventory with 4 scales: (a) Neuroticism, (b) Extraversion, (c) the Lie scale, 
and (d) Psychoticism. The items comprising each scale are listed in Appendices A through D 
respectively. According to Eysenck and Eysenck (1985), individuals who score high on the 
Neuroticism scale tend to be anxious, depressed, irrational, shy, moody, and experience feelings 
of guilt and low self-esteem. Individuals who score high on the Extraversion scale tend to be 
sociable, lively, active, assertive, sensation-seeking, carefree, dominant, surgent, and 
venturesome. The Lie scale is a dissimulation scale which also measures a conforming 
personality trait or social desirability bias (Eysenck & Eysenck, 1976). Finally, individuals who 
score high on the Psychoticism scale tend to be aggressive, cold, egocentric, impersonal, 
impulsive, antisocial, unempathic, creative, and tough-minded. Although the EPQ has been 
shown to have less than satisfactory classical psychometric properties (e.g., marginal to low
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reliability and problematic factor structure on several scales such as the Psychoticism and Lie 
scales), it is widely used in a broad range of areas (Goh, King, & King, 1982).
Analysis
All four of the EPQ scales will be examined separately in this thesis. Each of the scale 
items were recoded so that 1 is the keyed option for endorsing the latent variable and 0 is the 
alternative. For each scale, the following analyses were performed:
(1) Unidimensionality analyses
a) test for strict unidimensionality (confirmatory 1-factor model using tetrachoric 
correlations)
b) test for essential unidimensionality (exploratory 1-factor model using tetrachoric 
correlations)
(2) Classical analyses
a) coefficient alpha reliabilities
b) corrected item-total correlations
c) endorsement proportions
(3) Nonparametric techniques through TESTGRAF
a) ICC plots
b) information functions
c) conditional standard error of measurement functions
d) conditional reliability functions
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(4) DIF analyses
a) Swaminathan and Rogers (1990) logistic regression method
b) Zumbo and Thomas (1996) logistic regression effect size
In terms of the corrected item-total correlations, Cohen (1992) and Kirk (1996) suggests 
the following values for interpreting Point Biserial correlation effect sizes: small effect size = 
0.10, medium effect size = 0.24, and large effect size = 0.37. Cohen’s (1992) criteria will be used 
in Chapter IV to categorize the corrected item-total correlations as small, medium, or large.
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Chapter IV 
Results
The results o f the analyses are reported for each scale separately, starting with the tests of 
unidimensionality. Please note that the TESTGRAF item numbers do not correspond to the EPQ 
item numbers. This is the case because TESTGRAF automatically labels items based on their 
position in the data file (e.g., the first item in a raw data file is assigned an item value of “1”, the 
second number in the raw data file “2”, and so on). To limit the confusion that this may cause, 
conversion tables relating the TESTGRAF item numbers to the EPQ item numbers are included 
on the first page of each Appendix (e.g., TG-1 = EPQ item 3).
Unidimensionalitv analvses for each EPQ scale
A test o f strict unidimensionality was performed on each o f the EPQ scales using 
LISREL 8.14 (Joreskog & Sorbom, 1989). By strict it is meant that all of the items comprising 
the scale must measure only one latent variable. A tetrachoric correlation matrix was computed 
using PRELIS and was inputted into LISREL to assess the fit of the scale items to a confirmatory 
one-factor model. The estimation technique used was maximum likelihood.
Marsh, Balia, and MacDonald (1988) recommended using multiple indices when 
assessing fit of the model to data. All of the following fit statistics were examined: (i) Chi-Square 
(ii) the goodness-of-fit index (GFl); (iii) the goodness o f fit which adjusts for the number of 
degrees of freedom (AGFl); (iv) the Tucker-Lewis index (TLl; Tucker & Lewis, 1973) which is 
also referred to as the Non-Normed Fit Index (NNFl; Rentier & Bonett, 1980); (v) the Normed 
Fit Index (NFI; Rentier & Bonett, 1980); (vi) the root mean square residual (RMSR); and (vii)
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the root mean square of approximation (RMSEA; Steiger & Lind, 1980). In judging the model 
fit, the larger the GFI and AGFI (i.e., values greater than 0.90) the better the fit (Bollen, 1989). 
The NNFI, and NFI values should also be greater than 0.90, and the RMSR and RMSEA values 
should be less than 0.05 (Joreskog & Sorbom, 1989).
Results of the confirmatory factor analysis rejected a one-factor solution for each of the 
scales as indicated by several goodness of fit statistics. For example, on the Neuroticism scale, 
Chi-Square results rejected the one factor model, (230)=3785.30, p<0.01, indicating that the 
estimated covariance matrix did not adequately approximate the observed covariance matrix.
The RMSEA was 0.13 and the RMSR was 0.084, both well above the 0.05 mark where 
one could accept the model. The GFl was 0.73, the AGFl was 0.67, the NNFl was 0.58, and the 
NFI was 0.60, all below the approximate 0.90 mark that would be reasonable to accept the 
model. Based on this analysis it is safe to say that the Neuroticism scale does not fit a strict 
unidimensional model. As can be seen in Table 1, similar results were obtained for each of the 
Extraversion, Lie, and Psychoticism scales.'*
 ^ Please note that LISREL invoked the ridge option when analyzing the Psychoticism scale because the covariance 
matrix was non-positive definite. As McQuitty (1997) points out, when ridge regression is used so that a matrix 
can be inverted, the fit statistics vary considerably and cannot always be trusted, therefore the fit statistics 
reported in Table 1 for this scale may not be precise.
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Table 1. Strict unidimensionality analysis results for the Neuroticism. Extraversion. Lie, and 
Psychoticism scales of the EPQ.
Scale Chi-Square results Fit Indices
Neuroticism scale X (230)=3785.30, p<0.01 GFI = 0.73 
AGFI = 0.67 
NFI = 0.60 
NNFI = 0.58 
RMSR = 0.084 
RMSEA = 0.13
Extraversion scale X^(189)=3664.36,p<0.01 GFI = 0.74 
AGFI = 0.68 
NFI = 0.63 
NNFI = 0.60 
RMSR = 0.08 
RMSEA = 0.14
Lie scale X^(189)=2200.48, p<0.01 GFI = 0.84 
AGFI = 0.81 
NFI = 0.58 
NNFI = 0.55 
RMSR = 0.072 
RMSEA = 0.11
Psychoticism scale ’I  (275)=4825.71,p<0.01 GFI = 0.75 
AGFI = 0.71 
NFI = 0.31 
NNFI = 0.25 
RMSR = 0.11 
RMSEA = 0.13
Given that tests of strict unidimensionality failed to support a one-factor solution for any 
of the scales, tests of essential unidimensionality were explored. A scale can be said to be 
essentially unidimensional (and additionally fulfilling the assumption of local independence by 
being essentially independent) if the results show one dominant factor with several minor factors 
(see Junker & Stout, 1994, for a more detailed discussion of essential unidimensionality), as 
defined by the number of eigenvalues >1 and the ratio of the largest eigenvalue to the next
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largest. The eigenvalues were calculated from the tetrachoric correlation matrices. The 
exploratory factor analysis is presented in the form of scree plots shown in Figures 17 to 20.
Each of the scree plots clearly show one dominant factor. For the Neuroticism scale, the 
largest eigenvalue was 7.699 which is 4.07 times greater than the second largest eigenvalue 
(1.891). There were 5 minor factors with eigenvalues >1. For the Extraversion scale, the largest 
eigenvalue was 7.810 which is 4.66 times larger than the second largest eigenvalue (1.675). This 
scale showed 3 minor factors with eigenvalues >1. The largest eigenvalue on the Lie scale was 
5.192 which is 3.41 times greater than the second largest eigenvalue (1.522). There were 6 minor 
factors with eigenvalues >1. The largest eigenvalue on the Psychoticism scale was 4.702 which is 
2.09 times greater than the second largest eigenvalue (2.248). There were 8 minor factors with 
eigenvalues > 1.
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Figure 17. Scree plot of the exploratory factor analysis eigenvalues for the Neuroticism scale 
using tetrachoric correlations.
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Figure 18. Scree plot of the exploratory factor analysis eigenvalues for the Extraversion scale
using tetrachoric correlations.
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Figure 19. Scree plot o f the exploratory factor analysis eigenvalues for the Lie scale using 
tetrachoric correlations.
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Figure 20. Scree plot of the exploratory factor analysis eigenvalues for the Psychoticism scale 
using tetrachoric correlations.
Given that essential unidimensionality has been established for each of the four EPQ 
scales, item analyses can now be meaningfully examined. The next section presents the classical 
analyses, nonparametric IRM analyses, and DIF results for each scale in turn.
Neuroticism
Classical Analvses
All classical analyses were performed using SPSS for Windows version 6.1.2. Using 
coefficient alpha, the reliability for the Neuroticism scale was estimated to be 0.830. Table 2 
shows the corrected item-total correlations for the Neuroticism scale. Corrected item-total
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correlations are classical item discrimination statistics which indicate how well items 
discriminate between people who score high or low on the overall scale score. ^  For example, a 
Point biserial r of 1.00 would indicate maximal discrimination of a given item. As noted earlier, 
Cohen (1992) and Kirk (1996) provides criteria to interpret small, medium, and large effect sizes 
for Point Biserial r correlations. Fourteen of the 23 Neuroticism items met the criteria for a large 
effect size, eight meet the criteria for a medium effect size, and only one item (EPQ item 47) fell 
in the small effect size range.
Table 3 shows the endorsement proportions for each of the Neuroticism items. Generally, 
endorsement proportions are measures o f “item difficulty”. More specifically, for personality 
inventories, these proportions indicate how much of the latent variable is needed to endorse an 
item. For example, low endorsement proportions such as seen with EPQ item 54 (p = 0.25) and 
EPQ item 75 (p = 0.30) seem to indicate that more of the latent variable of Neuroticism must be 
present for these items to be endorsed. High endorsement proportions such as EPQ item 12 (p = 
0.83) and EPQ item 88 (p = 0.84) seem to indicate that less of the latent variable of Neuroticism 
must be present for these items to be endorsed. The mean endorsement proportion over the entire 
Neuroticism scale was 0.564 which is adequate for a dichotomous response scale like this one.
Endorsement proportions were also examined by gender and the difference between these 
proportions computed. Generally, it was found that females endorsed the Neuroticism items more 
frequently (the only exception is EPQ item 47). More specifically, there were five items (EPQ 
items 7, 19, 34, 80, and 88) which females seemed to endorse noticeably more frequently than
5 O f course, the classical indices such as the discrimination, endorsement proportion, and reliability are 
mathematically related and intercoimected. For example, items with endorsement proportions near 0.50 will allow 
maximum total variance, and hence reliability. For more details please see Crocker and Algina (1986), pp. 311- 
371.
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males. This difference was established by using Cohen’s (1992) small effect size (a difference 
between the arcsine transformed proportions o f 0.20) for independent proportions. None o f the 
items fell into the medium (transformed difference of 0.50) or large (transformed difference of 
0.80) effect size range.
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Table 2. Corrected item-total correlations for the Neuroticism scale of the EPQ fn=922).
TESTGRAF
Item
Number
EPQ
Item
Number
Corrected Item- 
total 
Correlations
1 3 0.46
2 7 0.43
3 12 0.37
4 15 0.35
5 19 0.41
6 23 0.46
7 27 0.41
8 31 0.48
9 34 0.46
10 38 0.43
11 41 0.48
12 47 0.14
13 54 0.29
14 58 0.42
15 62 0.33
16 66 0.24
17 68 0.30
18 72 0.42
19 75 0.47
20 77 0.43
21 80 0.38
22 84 0.29
23 88 0.27
Mean
SD
0.38
0.09
EPQ 70
Table 3. Item endorsement proportions by gender for the Neuroticism scale of the EPQ (males: 
n=272: females: n=625T
TESTGRAF EPQ Item 
Item Number 
Number
Overall
Endorsement
proportions
Male
Endorsement
proportions
Female
Endorsement
proportions
Difference 
between 
males and 
females
1 3 0.62 0.55 0.65 -0.10
2 7 0.63 0.47 0.70 -0.23
3 12 0.83 0.79 0.85 -0.06
4 15 0.38 0.33 0.41 -0.08
5 19 0.71 0.56 0.78 -0.22
6 23 0.52 0.51 0.52 -0.01
7 27 0.49 0.45 0.51 -0.06
8 31 0.37 0.31 0.39 -0.08
9 34 0.66 0.53 0.71 -0.18
10 38 0.52 0.43 0.57 -0.14
11 41 0.34 0.29 0.36 -0.07
12 47 0.74 0.77 0.72 0.05
13 54 0.25 0.25 0.25 0
14 58 0.70 0.63 0.73 -0.10
15 62 0.31 0.31 0.32 -0.01
16 66 0.75 0.72 0.76 -0.04
17 68 0.46 0.36 0.51 -0.15
18 72 0.66 0.61 0.69 -0.08
19 75 0.30 0.22 0.33 -0.11
20 77 0.41 0.40 0.41 -0.01
21 80 0.71 0.60 0.76 -0.16
22 84 0.81 0.73 0.83 -0.10
23 88 0.84 0.75 0.89 -0.14
Mean 0.56 0.50 0.59 -0.09
SD 0.19 0.18 0.19 0.07
Note. Negative values in the column labeled “Difference between males and females” indicate 
that females endorsed the items more than males.
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Nonparametric IRM Analvses Through TESTGRAF
Three criteria will be used to investigate the performance of the items: (a) the p-theta 
value at the lower asymptote (at -2.5), (b) the theta value at which the p-theta equals 0.5, and (c) 
the p-theta of an ICC at a large value o f theta (in the 2.5 range). An ideal case would be an ICC 
that begins at the lower left comer of the plot and rises to the top right comer. The worst case is 
an ICC that is flat, so that the probability of endorsing an item does not change over the latent 
variable continuum.
All TESTGRAF plots for the Neuroticism scale (i.e., ICC plots, information ftmction, 
principal components plot, conditional standard error of measurement function, and conditional 
reliability function) are included in Appendix E. Some examples of items that seem to function 
well are EPQ items 23, 31, and 41 (TG-6 , TG-8, TG-11; pp. 134 and 135). These items all cross 
the p-theta of 0.5 in the theta range between 0 and 0.5, the middle or average range of 
neuroticism. That is, the likelihood of endorsing the item becomes 0.50 or greater in that range. 
EPQ item 31 (TG-8) reads “Would you call yourself a nervous person?”, clearly assessing a mid­
range of the latent variable neuroticism. EPQ item 41 (TG-11) is along a similar line and reads 
“Would you call yourself tense or ‘highly-strung’?”, again clearly measuring a mid-range of the 
latent variable neuroticism. Some items that stand out as performing poorly are EPQ items 12 
(TG-3; p. 134), 47 (TG-12; p. 135), 84 (TG-22), and 88 (TG-23; p. 137). EPQ item 12 (TG-3) 
has a p-theta greater than 0.50 (i.e., threshold) at a theta level of -1.5; furthermore, the starting 
point of the ICC on the Y-axis (p-theta) is much higher than zero, indicating that individuals 
have a higher than average probability o f endorsing the item if their level of neuroticism is low. 
This item reads as “Does your mood often go up and down?”, which many university students
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would likely endorse regardless of their level of neuroticism due to the stress of their studies. 
EPQ items 47 (TG-12) and 84 (TG-22) all function similarly to EPQ item 12 (TG-3). EPQ item 
88 (TG-23) is the item that functions the most poorly of all the Neuroticism scale items. This 
item has a lower asymptote value greater than 0.5, indicating a probability o f over 50% that 
individuals with low amounts of neuroticism (z==-2.50) will endorse the item. This item reads 
“Axe you touchy about some things?”, which intuitively many people would endorse regardless 
of their level of neuroticism, as the plot clearly shows.
TESTGRAF plots also display the pointwise confidence bands which are placed on the 
ICCs. EPQ items 12 (TG-3; p. 134), 47 (TG-12; p. 135), 84 (TG-22), and 88 (TG-23; p. 137) all 
have large confidence bands in the low neuroticism range. This is due to the fact that these items 
have high endorsement proportions, therefore there is little statistical information at the low 
range of the latent variable.
The test information curve (p. 139) indicates that the Neuroticism scale as a whole 
performs best in a theta range of -0.5 to 0.5. Likewise, the standard error graph (p. 139) indicates 
that the standard error is highest in the extreme high and low ranges of the latent variable 
neuroticism and lowest in the mid-range of the latent variable. The reliability curve (p. 140) 
displays the reliability performance of the scale over the latent variable continuum and indicates 
that the reliability is high in the area where the scale performs best (i.e., the middle range 
between approximately -0.5 and 0.5). The principal components plot (p. 141) flagged several 
items as having high discriminability. The reader should note that the principal component plots 
display the TESTGRAF item numbers (TG) rather than the EPQ numbers. In addition, 
component 1 on the plot represents relative threshold of the item and component 2 represents the
EPQ 73
relative discrùninability of the item. TG items 6 (EPQ-23) and 9 (EPQ-34) were the most 
discriminating items and both had mid-range thresholds. TG item 13 (EPQ-54) had very poor 
discriminability and had the highest endorsement threshold, suggesting that this item may be of 
little value in measuring the latent variable neuroticism because it does not discriminate well on 
the latent variable and because the endorsement threshold is so high that it would be rare that the 
item would be endorsed. TG item 12 (EPQ-47) was the least discriminating of all the items in the 
Neuroticism scale and had a fairly low threshold.
DIF Analvses
The results from Swaminathan and Rogers’ (1990) logistic regression method and the 
results from Zumbo and Thomas’ (1996) logistic regression effect size method are presented in 
Table 4. Table 4 lists the EPQ item number and the 2-degree of freedom Chi-Square test statistic 
value and its corresponding significance level. For the statistically significant (p<0.05) Chi- 
Square value. Table 4 lists:
(a) the variables in the regression equation (tot, gender, interaction),
(b) the overall for the model,
(c) R  ^A from the hierarchical regression,
(d) the effect size descriptors for the R“ A,
(e) the overall DIF R  ^A (a sum of the R  ^As for the gender and interaction effects),
(f) a decision about the DIF, the interaction (i.e., uniform or nonuniform DIF), and
(g) the direction of the DIF.
The DIF direction is judged from the sign of the Beta coefficient in the regression equation so 
that a positive Beta means that females have a higher probability than males of endorsing the
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latent variable at the same level o f  theta, and a negative Beta means that males have a higher 
probability. Based on the Chi-Square test and the overall A DIF, several items in the 
Neuroticism scale stand out as displaying possible DIF. Cohen’s (1992) effect size measures will 
be used to judge the size of the A values with 0.02 considered to be a small effect size, 0.13 
considered to be a medium effect size, and 0.26 considered to be a large effect size. These effect 
size values will be used for each o f the four EPQ scales. Cohen (1992) describes a medium effect 
size as one that is visible to a trained observer. Using Cohen’s effect sizes as a starting point, it is 
proposed that DIF is “very unlikely” to exist when the effect size is trivial (i.e., <0.02),
“possible” when the effect size is 0.02  or greater and less than 0.13, “probable” when the effect 
size is 0.13 or greater and less than 0.26, and “very likely” when the effect size is greater than or 
equal to 0.26. This range of effect size values are presented in Figure 21. None of the 
Neuroticism items appear to show anything more than possible gender DIF.
Very Unlikely
P o ss ib le
Probab le Very Likely
0.02 0.13
0.5
0.26
Figure 21. Cohen (1992) effect size scores and corresponding descriptors for DIF R A values.
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Table 4. Results of the Swaminathan and Rogers (19901 and the Zumbo and Thomas (1996) logistic regression effect size DIF analysis 
for the Neuroticism scale of the EPQ.
EPQ
Item
X (2 df) p-value Variable
(model)
R^A Effect
Size
Overall 
DIF R  ^A
DIF Direction
3 0.397 0.8200 No
7 22.063 0.0001 tot
gender
interaction 0 .83647
0 .74547
0 .06904
0 .02196
Small
Small 0 .0910
Possible
(non-uniform) females > males
12 0.964 0.6176 No
15 0.915 0.6330 No
19 19.229 0.0001 tot
gender
interaction 0.80731
0.71582
0.08991
0.00158
Small
Trivial 0.0915
Possible
(uniform) females > males
23 14.486 0.0007 tot
gender
interaction 0.87497
0.81248
0.04915
0.01333
Small
Trivial 0.0625
Possible
(uniform) males > females
27 2.404 0.3006 No
31 2.641 0.2671 No
34 6.736 0.0345 tot
gender
interaction 0 .81603
0.787
0.02803
0.001
Small
Trivial 0 .0290
Possible
(uniform) females > males
38 1.452 0.4839 No
41 9.839 0.0073 tot
gender
interaction 0.78944
0.74945
0.01121
0 .02879
Small
Small 0.0400
Possible
(non-uniform) males > females
47 11.555 0.0031 tot
gender
interaction 0,59363
0.47784
0.10857
0.00722
Small
Trivial 0 .1158
Possible
(uniform) males > females
■Ewr**
54 6.225 0.0445 tot
gender
interaction 0.78589
0.74371
0.04171
0 .00048
Small
Trivial 0 .0422
Possible
(uniform) males > females
58 4.041 0.1326 No
62 10.544 0.0051 tot
gender
interaction 0.83215
0.76877
0.03632
0.02707
Small
Small 0 .0634
Possible
(non-uniform) males > females
66 0.542 0.7627 No
68 4.412 0.1101 No
72 0.585 0.7463 No
75 1.870 0.3926 No
77 13.383 0.0012 tot
gender
interaction 0.841
0.78208
0.05073
0.00819
Small
Trivial 0 .0589
Possible
(uniform) males > females
80 5.330 0.0696 No
84 2.495 0.2872 No
88 11.981 0.0025 tot
gender
interaction 0.64281
0.55972
0 .08209
0.001
Small
Trivial 0.0831
Possible
(uniform) females > males
Note. Cohen’s (1992) effect sizes are used for R"' A va ues with C.0196 considered a sma 1 effect size, 0.1 : 04 considered a mediu
effect size, and 0.2592 considered a large effect size. The column “Direction” should be read to indicate the likelihood of endorsing 
the item so that “females > males” should be read as females have a higher likelihood of endorsing the item than males at the same 
level of theta.
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As a whole, the performance of the Neuroticism scale, and the items that comprise it, 
perform reasonably well. The classical analyses conducted in this thesis provided limited 
information regarding potential problems for individual items in the measurement of the latent 
variable. However, the corrected item-total correlation for EPQ item 47 was very low, indicating 
that the item had poor discrimination which was supported by the TESTGRAF principal 
component plot that also identified EPQ item 47 (TG-12) as the least discriminating item. The 
Zumbo and Thomas (1996) DIF effect size method identified several EPQ items as displaying 
possible DIF. However, it should be noted that although several EPQ items were flagged as 
possible DIF the overall A DIF values varied. Only EPQ item 47 had an overall R  ^A DIF 
value near a medium effect size (overall R  ^A DIF value = 0.12) and the remaining items had 
overall R^ A DIF values less than 0.10.
Using this discussion of the Neuroticism scale as a model the results o f the remaining 
three EPQ scales will now be provided in less detail.
Extraversion
Classical Analyses
Corrected item-total correlations are provided in Table 5. All of the items in this scale had 
medium or large corrected item correlations with the exception o f EPQ item 36, which fell in the 
small effect size range. This indicates that most of the Extraversion items discriminate well in the 
measurement of the latent variable. The estimated reliability via coefficient alpha was 0.819.
Table 6 provides the endorsement proportions for each of the items. EPQ items 14, 17,
29, 32,49, and 52 all had very high endorsement proportions (i.e., over 0.80). The abundance of
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items that had high endorsement proportions may indicate that the items in this scale tap a low 
level o f extraversion. An alternative explanation is that most of the subjects in this sample had 
high levels o f  the latent variable and therefore were more likely to endorse items related to 
extraversion. However, this is an unlikely event given that this sample is typical o f EPQ studies.
Table 6 also contains the frequency of endorsements for each item by gender. In general, 
the endorsement proportions for males and females were very similar. Gender differences were 
found for EPQ items 5 and 60 which showed discrepant endorsement proportions for males 
versus females via Cohen’s (1992) criteria. Both males and females had high endorsement 
proportions for EPQ item 17 (i.e., greater than 0.90), indicating that both genders found the item 
applied to them.
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Table 5. Corrected item-total correlations for the Extraversion scale o f the EPQ (n=922).
TESTGRAF
Item
Number
EPQ Item 
Number
Corrected Item- 
total 
Correlations
1 1 0.22
2 5 0.48
3 10 0.52
4 14 0.49
5 17 0.32
6 21 0.48
7 25 0.39
8 29 0.34
9 32 0.42
10 36 0.18
11 40 0.44
12 42 0.50
13 45 0.42
14 49 0.30
15 52 0.48
16 56 0.20
17 60 0.27
18 64 0.21
19 70 0.49
20 82 0.42
21 86 0.51
Mean
SD
0.39
0.11
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Table 6. Item endorsement proportions bv gender for the Extraversion scale of the EPQ Tmales: 
n=272: females: n=625T
TESTGRAF
Item
Number
EPQ
Item
Number
Overall
Endorsement
proportions
Male
Endorsement
proportions
Female
Endorsement
proportions
Difference 
between 
males and 
females
1 1 0.75 0.79 0.74 0.05
2 5 0.70 0.60 0.75 -0.15
3 10 0.79 0.75 0.81 -0.06
4 14 0.82 0.78 0.84 -0.06
5 17 0.93 0.91 0.94 -0.03
6 21 0.59 0.58 0.59 -0.01
7 25 0.73 0.69 0.74 -0.05
8 29 0.87 0.84 0.88 -0.04
9 32 0.83 0.84 0.83 0.01
10 36 0.37 0.39 0.36 0.03
11 40 0.57 0.50 0.60 -0.10
12 42 0.65 0.60 0.67 -0.07
13 45 0.48 0.53 0.46 0.07
14 49 0.90 0.90 0.89 0.01
15 52 0.82 0.74 0.86 -0.12
16 56 0.39 0.41 0.38 0.03
17 60 0.71 0.81 0.67 0.14
18 64 0.58 0.57 0.58 -0.01
19 70 0.63 0.63 0.64 -0.01
20 82 0.67 0.65 0.68 -0.03
21 86 0.74 0.71 0.76 -0.05
Mean 0.69 0.68 0.70 -0.02
SD 0.16 0.15 0.16 0.06
Note. Negative values in the column labeled “Difference between males and females” indicate 
that females endorsed the items more than males.
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Nonparametric IRM Analvses Through TESTGRAF
All TESTGRAF plots for the Extraversion scale are included in Appendix F. Some 
examples of items that seem to perform well are EPQ items 10 (TG-3; p. 144), 42 (TG-12; p. 
145), and 86 (TG-21; p. 147). EPQ item 10 (TG-3) has a steep and smooth form, performs best at 
a theta range o f -1 and rises sharply from a p-theta of zero to a p-theta of 1. EPQ item 42 (TG-12) 
also has a smooth form and performs best at a theta level of -0.5. This item begins at a p-theta 
value of slightly over zero (i.e., 0.1), indicating that individuals low on extraversion have a low 
probability o f falsely endorsing the item. EPQ item 86 (TG-21) has a relatively smooth form and 
rises from a p-theta level of approximately 0.08. This item functions best at a theta level of 
approximately -0.8. Some items that tend not to perform well in the measurement of extraversion 
are EPQ items 17 (TG-5; p. 144) and 49 (TG-14; p. 146). EPQ item 17 (TG-5) has a p-theta 
value of 0.4, indicating that individuals low on extraversion have a relatively high probability of 
falsely endorsing the item. The item functions at a low level of extraversion (i.e., theta of -2.1) 
and the confidence bands in this area indicate that the precision of measurement is questionable. 
This item reads as “Do you enjoy meeting new people?” which, as it is worded in the EPQ, may 
not tap extraversion as well as an item worded “Do you enjoy meeting new people all of the 
time?”. An individual very low on extraversion may still enjoy meeting new people depending 
on what environment they are in (e.g., someone low on extraversion may enjoy meeting fnends 
of fnends at a small intimate gathering, but may not enjoy meeting people when at a large 
gathering full of strangers). EPQ item 49 (TG-14) also has a p-theta value of approximately 0.4, 
again indicating that individuals low on extraversion have a high probability of falsely endorsing 
the item. This item performs best at a theta level of -2, however, as with item 17 (TG-5) the large
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confidence bands in this area indicate that the accuracy of measurement in this theta range in 
questionable.
The test information curve (p. 149) indicates that the Extraversion scale performs best at 
a theta range of between -1 and 0. The standard error curve (p. 149) supports this in that the 
standard error is lowest in the -1 to 0 theta range and highest at the high end of extraversion (i.e., 
between a theta of 1.5 and 2.5). The reliability curve (p. 150) also supports the previously stated 
scale performance curves in that the reliability is highest between -1 and 0, and very low between 
a theta of 1.5 and 2.5. The principal components plot (p. 151) identified EPQ items 21 (TG-6),
42 (TG-12), and 70 (TG-19) as being highly discriminating and having a mid-range threshold. 
EPQ items 36 (TG-10) and 56 (TG-16) were found to be the least discriminating items as well as 
having the highest thresholds, indicating that their usefulness in terms of measuring the latent 
variable extraversion may be limited.
DIF Analvses
The results fi-om Swaminathan and Rogers’ (1990) logistic regression method and the 
results fi-om the Zumbo and Thomas’ (1996) logistic regression effect size method are presented 
in Table 7. The only item that displayed more than possible gender DIF was EPQ item 60, which 
had an overall R  ^A value of 0.1666, putting it in the probable range for uniform DIF.
Table 7. Results of the Swaminathan and Rogers (1990) and the Zumbo and Thomas (1996) logistic regression effect size DIF analysis 
for the Extraversion scale of the EPQ.
EPQ
Item
t  (2 dO p-value Variable
(model)
R^A Effect
Size
Overall 
DIF R  ^A
DIF Direction
1 7.778 0.0205 tot
gender
interaction 0.67506
0.61565
0.04475
0 .01467
Small
Trivial 0 .0594
Possible
(uniform) males > females
5 19.154 0.0001 tot
gender
interaction 0 .80686
0.72837
0.07559
0.0029
Small
Trivial 0 .0785
Possible
(uniform) females > males
10 1.922 0.3825 No
14 3.086 0.2137 No
17 2.969 0.2267 No
21 1.059 0.5889 No
25 8.277 0.0159 tot
gender
interaction 0.78307
0.73921
0.00621
0.03764
Trivial
Small 0 .0439
Possible
(non-uniform) females > males
29 1.634 0.4418 No
32 1.436 0.4878 No
36 5.893 0.0525 tot
gender
interaction 0.57666
0.5277
0 .01549
0.03347
Trivial
Small 0 .0490
Possible
(non-uniform) males > females
40 6.249 0.0439 tot
gender
interaction 0.8023
0.77552
0.02643
0.00035
Small
Trivial 0 .0268
Possible
(uniform) females > males
42 3.199 0.2020 No
45 13.224 0.0013 tot
gender
interaction 0.66595
0.61711 
0 .03784  
0.011
Small
Trivial 0 .0488
Possible
(non-uniform) males > females
49 1.302 0.5215 No
52 16.240 0.0003 tot
gender
interaction 0 .78552
0.71294
0 .07077
0.00181
Small
Trivial 0 .0726
Possible
(non-uniform) females > males
56 2.563 0.2776 No
60 30.155 0.00001 tot
gender
interaction 0 .76007
0 .59349
0 .16448
0.0021
Medium
Trivial 0 .1666
Probable
(uniform) males > females
64 0.673 0.7143 No
70 3.082 0.2142 No
82 3.581 0.1669 No
86 1.076 0.5840 No
effect size, and 0.2592 considered a large effect size. The column “Direction” should be read to indicate the likelihood of endorsing 
the item so that “females > males” should be read as females have a higher likelihood of endorsing the item than males at the same 
level of theta.
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As a whole the Extraversion scale, and the items which comprise it, also perform 
reasonably well in the measurement o f the latent variable. The classical analyses identified 
several items as being highly discriminating in terms of corrected item-total correlations. O f the 
items identified in the classical analyses, EPQ item 42 (TG-12) was also identified by the 
TESTGRAF principal components plot as being highly discriminating. The TESTGRAF ICC 
plots identified EPQ items 17 (TG-5) and 49 (TG-14) as performing poorly whereas the classical 
analyses did not show any indication of these items performing substantially differently than 
other items in the scale. EPQ item 36 (TG-10) seemed to be identified by both the classical 
analyses and by the TESTGRAF principal component plot as an item that performed poorly. The 
corrected item-total correlation for EPQ item 36 (TG-10) was low (0.183) and the principal 
component plot showed that the item had a high endorsement threshold in addition to poor 
discriminability. The Zumbo and Thomas (1996) method identified one item as displaying 
probable uniform gender DIF.
Lie Scale
Classical Analvses
Corrected item-total correlations are provided in Table 8. All o f the items in this scale had 
medium or large corrected item correlations with the exceptions of EPQ items 20, 35,48, 55, 73, 
and 85, which had corrected item correlation values in the small effect size range. The estimated 
reliability via coefficient alpha was 0.723.
Table 9 contains the endorsement proportions for each Lie scale item. Generally the 
endorsement proportions were low, suggesting that few individuals had enough of the latent
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variable to endorse the items in this scale. These results are intuitively accurate in the sense that 
the Lie scale is designed to measure a latent variable such as social desirability, a latent variable 
that is required to be low if  the results on the other scales are to be considered accurate. In other 
words, it is desirable from a researchers point of view for subjects to score low on the Lie scale, 
suggesting that the items in the Lie scale should have low endorsement proportions.
Table 9 also contains frequency o f endorsements for each item by gender. Frequency of 
endorsements were consistently low, and very similar for both males and females. No distinct 
trends could be identified in terms of gender endorsement of the Lie scale.
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Table 8. Corrected item-total correlations for the Lie scale of the EPQ fn=9221
TESTGRAF
Item
Number
EPQ Item 
Number
Corrected Item- 
total 
Correlation
1 4 0.31
2 8 0.41
3 13 0.29
4 16 0.35
5 20 0.13
6 24 0.32
7 28 0.27
8 35 0.23
9 39 0.25
10 44 0.36
11 48 0.23
12 51 0.26
13 55 0.13
14 59 0.41
15 63 0.44
16 69 0.28
17 73 0.23
18 78 0.30
19 81 0.24
20 85 0.17
21 89 0.28
Mean
SD
0.28
0.08
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Table 9. Item endorsement proportions bv gender for the Lie scale of the EPQ (males: n=272: 
females: n=625T
TESTGRAF EPQ Item 
Item Number 
Number
Overall
Endorsement
proportions
Male
Endorsement
proportions
Female
Endorsement
proportions
Difference 
between 
males and 
females
1 4 0.72 0.64 0.75 -0.11
2 8 0.37 0.31 0.39 -0.08
3 13 0.59 0.55 0.60 -0.05
4 16 0.58 0.59 0.57 0.02
5 20 0.14 0.17 0.12 0.05
6 24 0.26 0.23 0.28 -0.05
7 28 0.57 0.55 0.58 -0.03
8 35 0.33 0.31 0.34 -0.03
9 39 0.27 0.25 0.28 -0.03
10 44 0.35 0.27 0.39 -0.12
11 48 0.05 0.06 0.04 0.02
12 51 0.30 0.32 0.29 0.03
13 55 0.32 0.26 0.34 -0.08
14 59 0.30 0.27 0.32 -0.05
15 63 0.43 0.37 0.46 -0.09
16 69 0.53 0.44 0.58 -0.14
17 73 0.13 0.15 0.11 0.04
18 78 0.32 0.40 0.29 0.11
19 81 0.21 0.18 0.22 -0.04
20 85 0.08 0.09 0.08 0.01
21 89 0.59 0.65 0.57 0.08
Mean 0.35 0.34 0.36 -0.02
SD 0.19 0.18 0.19 0.06
Note. Negative values in the column labeled “Difference between males and females” indicate 
that females endorsed the items more than males.
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Nonparametric IRM Analvses Through TESTGRAF
All TESTGRAlF plots for the Lie scale are included in Appendix G. Some items that 
perform reasonably well are EPQ items 4 (TG-1), 8 (TG-2; p. 154), and 63 (TG-15; p. 156). EPQ 
item 4 (TG-1) performs best at a theta level of -1, and has a p-theta value of just over zero (i.e., 
0.1). This item is not ver}' well formed, in terms of a smooth logistic function, but does seem to 
function well as suggested by the narrow confidence bands over the entire ICC. EPQ item 8 (TG-
2) rises from a p-theta level of zero and performs best at a theta o f 0.5. As suggested by the 
confidence bands on the ICC, the accuracy of item measurement breaks down at the high end of 
the latent variable (i.e., past a theta of 1.5). EPQ item 63 (TG-15) also has a well formed ICC and 
rises from a p-theta of zero. This item performs best at a theta level of approximately 0.3, and has 
narrow confidence bands surrounding the ICC all through the displayed latent variable 
continuum. Many items in the Lie scale performed very poorly in tapping the latent variable 
being measured. EPQ items 20 (TG-5; p. 154), 48 (TG-11; p. 155), 73 (TG-17; p. 156), 81 (TG- 
19), and 85 (TG-20; p. 157) were among the worst performing items. For example, the ICC for 
the endorsing response option (i.e., 1) of EPQ item 48 (TG-11) does not intersect with the 
alternative response option (i.e., 0). This means that the performance of the item is not optimal 
between the theta ranges of -2.5 and 2.5 and that the items usefulness in terms of measuring the 
latent variable is questionable. EPQ items 20 (TG-5), 73 (TG-17), 81 (TG-19), and 85 (TG-20) 
have similar measurement problems in that they do not perform well in the theta range of -2.5 to 
2.5.
The test information curve (p. 159) indicates that the Lie scale performs best at a theta 
range of between 0 and approximately 0.8. The standard error curve (p. 159) indicates that the
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: standard error is highest at the low end of the Lie scale (i.e., between theta -2.5 and -1.5), and 
lowest at a theta level of between -0.5 and 0.8. The reliability curve (p. 160) indicates that the 
reliability is the highest between -0.5 and 0.8. The principal components plot (p. 161) identified 
EPQ items 8 (TG-2), 59 (TG-14), and 63 (TG-15) as being highly discriminating and having a 
mid-range threshold. EPQ items 20 (TG-5), 48 (TG-11), 85 (TG-20), were all identified as 
having low discriminability and having high thresholds, indicating that they may not be very 
useful in the measurement of the latent variable measured by this scale.
DIF Analyses
The results from Swaminathan and Rogers (1990) logistic regression method and the 
results from Zumbo and Thomas (1996) logistic regression effect size method are presented in 
Table 10. No items were found to display more than possible gender DIF although the overall R  ^
A DIF value for EPQ item 78 comes very close to the medium effect size range.
Table 10. Results of the Swaminathan and Rogers ( ] 990) and the Zumbo and Thomas (1996) logistic regression effect size DIF 
analysis for the Lig scale of thg EPQ.
EPQ
Item
% (2dO p-value Variable
(model)
R^A Effect
Size
Overall 
DIF R  ^A
DIF Direction
4 7.251 0.0266 tot
gender
interaction 0 .85619
0 .80882
0 .04545
0.00191
Small
Trivial 0 .0474
Possible
(uniform) females > males
8 3.645 0.1616 No
13 0.402 0.8177 No
16 3.159 0.2060 No
20 5.836 0.0541 tot
gender
interaction 0.5171
0.44961
0.06739
0.0001
Small
Trivial 0.0675
Possible
(uniform) males > females
24 0.916 0.6326 No
28 1.306 0.5206 No
35 0.207 0.9015 No
39 0.958 0.6192 No
44 11.102 0.0039 tot
gender
interaction 0.84828
0.7901
0.04058
0 .0176
Small
Trivial 0 .0582
Possible
(uniform) females > males
48 1.795 0.4077 No
51 4.020 0.1340 No
55 6.052 0.0485 No
59 0.198 0.9058 No
63 3.638 0.1622 No
69 11.246 0.0036 tot
gender
interaction 0.80804
0.73911
0.06214
0.00679
Small
Trivial 0 .0689
Possible
(uniform) females > males
73 5.684 0.0583 No
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78 22.945 0.00001 tot
gender
interaction 0 .7545
0 .63782
0 .10574
0 .01094
Small
Trivial 0 .1167
Possible
(uniform) males > females
81 1.217 0.5443 No
85 2.185 0.3354 No
89 13.912 0.0010 tot
gender
interaction 0 .7566
0.67857
0 .07745
0 .00058
Small
Trivial 0 .0780
Possible
(uniform) males > females
Note. Cohen’s (1992) effect sizes are used for R A values with 0.0196 considered a small effect size, 0.1304 considered a medium 
effect size, and 0.2592 considered a large effect size. The column “Direction” should be read to indicate the likelihood of endorsing 
the item so that “females > males” should be read as females have a higher likelihood of endorsing the item than males at the same 
level of theta.
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Overall the Lie scale, and the items which comprise this scale, did not perform as well as 
the Neuroticism and Extraversion scales. The classical analyses indicated that most o f the items 
in this scale had low discrimination based on the corrected item-total correlations. EPQ items 20 
(TG-5), 48 (TG-11) and 85 (TG-20) were identified by both the corrected item-total correlations 
and the TESTGRAF principal components plots as having low discrimination. The TESTGRAF 
plots also identified many items as being problematic in terms of measuring the latent variable. 
For example EPQ items 20 (TG-5), 48 (TG-11), 73 (TG-17), 81 (TG-19), and 85 (TG-20) do not 
perform well within a theta range of -2.5 to 2.5, indicating that the usefulness of these items is 
limited. One item was identified by Zumbo and Thomas (1996) method as having an overall R  ^A 
DIF value close to being probable, item 78.
Psychoticism
Classical Analvses
Corrected item-total correlations are presented in Table 11. Most of the items in this scale 
had corrected item-total correlation values in the small effect size range with the exception of 
EPQ items 11, 22, 33, 46, and 83 which were in the medium effect size range. This would seem 
to indicate that most of the items comprising the Psychoticism scale do not discriminate well in 
the measurement of the latent variable psychoticism. The estimated reliability via coefficient 
alpha was 0.613.
Table 12 shows the endorsement proportions of each item. The only item that had an 
endorsement proportion over 0.35 was EPQ item 79. All other items were endorsed very rarely. 
This would indicate that the Psychoticism scale of the EPQ measures a level of Psychoticism that
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is so high, that few individuals in this sample could endorse the items. Based on these results it 
can be said that no items perform very well in the measurement of psychoticism. In addition, it 
would seem that few individuals have a large enough amount of the latent variable to endorse the 
items frequently.
Table 12 also contains frequency of endorsements for each item by gender. Again item 
endorsement proportions are very low for both genders. Using Cohen’s (1992) criterion only 
EPQ item 33 had a difference between gender where males endorsed it more often than females.
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Table 11. Corrected item-total correlations for the Psychoticism of the EPQ (n=922\
TESTGRAF 
Item Number
EPQ Item 
Number
Corrected Item- 
total Correlation
1 2 0.20
2 6 0.14
3 9 0.14
4 11 0.24
5 18 0.16
6 22 0.27
7 26 0.19
8 30 0.22
9 33 0.30
10 37 0.15
11 43 0.23
12 46 0.26
13 50 0.09
14 53 0.17
15 57 0.22
16 61 0.05
17 65 0.18
18 67 0.20
19 71 0.18
20 74 0.23
21 76 0.12
22 79 0.11
23 83 0.36
24 87 0.20
25 90 0.21
Mean 0.19
SD 0.07
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Table 12. Item endorsement proportions by gender for the Psychoticism scale of the EPQ (males: 
n=272: females: n=625T
TESTGRAF EPQ 
Item Item 
Number Number
Overall
Endorsement
proportions
Male
Endorsement
proportions
Female
Endorsement
proportions
Difference 
between 
males and 
females
1 2 0.13 0.15 0.11 0.04
2 6 0.15 0.22 0.13 0.09
3 9 0.17 0.21 0.14 0.07
4 11 0.04 0.07 0.02 0.05
5 18 0.08 0.11 0.07 0.04
6 22 0.14 0.20 0.11 0.09
7 26 0.05 0.06 0.05 0.01
8 30 0.12 0.13 0.12 0.01
9 33 0.19 0.34 0.12 0.22
10 37 0.13 0.19 0.09 0.10
11 43 0.07 0.11 0.06 0.05
12 46 0.33 0.41 0.29 0.12
13 50 0.04 0.04 0.04 0
14 53 0.13 0.17 0.11 0.06
15 57 0.23 0.27 0.21 0.06
16 61 0.03 0.03 0.03 0
17 65 0.12 0.13 0.11 0.02
18 67 0.29 0.34 0.26 0.08
19 71 0.10 0.14 0.08 0.06
20 74 0.27 0.28 0.25 0.03
21 76 0.11 0.19 0.10 0.09
22 79 0.40 0.47 0.36 0.11
23 83 0.13 0.25 0.07 0.18
24 87 0.14 0.18 0.13 0.05
25 90 0.07 0.12 0.05 0.07
Mean 0.15 0.19 0.12 0.07
SD 0.09 0.11 0.09 0.05
Note. Negative values in the column labeled “Difference between males and females” indicate 
that females endorsed the items more than males.
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Nonparametric IRM Analvses Through TESTGRAF
All TESTGRAF plots for the Psychoticism scale are included in Appendix H. Most of the 
items in the Psychoticism scale performed poorly in that many of the ICCs did not reach a p- 
theta o f 0.5 before reaching a theta level of 2.5. The ICCs for EPQ items 2 (TG-1), 6 (TG-2), 11 
(TG-4), 18 (TG-5; p. 164), 26 (TG-7), 30 (TG-8), 37 (TG-10), 43 (TG-11; p. 165), 50 (TG-13),
61 (TG-16), 65 (TG-17; p. 166), 76 (TG-21; p. 167), and 90 (TG-25; p. 168) do not reach a p- 
theta o f 0.5. The ICC for EPQ item 61 (TG-16) does not go above a p-theta o f  0.1 over the theta 
range o f -2.5 to 2.5, indicating that the probability of an individual endorsing the item is very 
small (i.e., 10% or less) regardless o f their level of psychoticism. EPQ item 50 performs 
similarly with the ICC never going above a p-theta of 0.1. There were no items that performed 
very well in this scale, although EPQ items 46 (TG-12; p. 165) and 83 (TG-23; p. 167) 
performed better than most items. The threshold for responding to EPQ item 46 (TG-12) is a 
theta level of approximately 0.8. The threshold for responding to EPQ item 83 (TG-23) is a theta 
of 1.5.
The test information curve (p. 170) indicates that the Psychoticism scale performs best at 
a theta range of between approximately 1 and 1.7. The standard error curve (p. 170) indicates that 
the standard error is lowest in this theta area. The reliability curve (p. 171) is consistent with the 
previously mentioned scale information curves in that the reliability of the scale is highest 
between the theta range of approximately 1 and 1.7. The reliability is very low at the low end of 
the theta range (i.e., -2.5 to -1). The principal components plot (p. 172) produced for this scale 
was different than those obtained for the other scales. Most of the items were clustered together 
in the middle of the plot, indicating that they perform at average discriminability and threshold
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levels. EPQ item 79 (TG-22) was the most discriminating item as well as having the lowest 
threshold. EPQ item 83 (TG-23) was the least discriminating item and had a mid-range 
threshold.
DIF Analvses
The results from Swaminathan and Rogers’ (1990) logistic regression method and the 
results from Zumbo and Thomas’ (1996) logistic regression effect size method are presented in 
Table 13. All of the items were only possible in term of displaying DIF although items 30 and 33 
had overall A DIF close to the medium effect size range.
Table 13. Results of the Swaminathan and Rogers (1990^ and the Zumbo and Thomas (1996) logistic regression effect size DIF 
analysis for the Psvchoticism scale of the EPQ.
EPQ
Item
p-value Variable
(model)
A Effect
Size
Overall 
DIF R  ^A
DIF Direction
2 5.203 0.0742 No
6 3.030 0.2198 No
9 1.624 0.4441 No
11 1.344 0.5106 No
18 3.089 0.2134 No
22 2.048 0.3592 No
26 2.737 0.2544 No
30 13.494 0.0012 tot
gender
interaction 0.74587
0.62212
0 .07487
0 .04888
Small
Small 0 .1238
Possible
(non-uniform) females > males
33 16.049 0.0003 tot
gender
interaction 0.81451
0.70946
0.10503
0.00003
Small
Trivial 0.1051
Possible
(uniform) males > females
37 7.470 0.0239 tot
gender
interaction 0.63049
0 .54655
0.03128
0.05266
Small
Small 0 .0839
Possible
(non-uniform) males > females
43 0.573 0.7508 No
46 0.253 0.8813 No
50 2.970 0.2265 No
53 0.062 0.9694 No
57 10.914 0.0043 tot
gender
interaction 0.6225
0.55532
0 .01217
0.05502
Trivial
Small 0.0672
Possible
(non-uniform) females > males
61 2.089 0.3519 No
65 4.588 0.1008 No
67 3.060 0.2166 No
71 0.141 0.9320 No
74 12.345 0.0021 tot
gender
interaction 0.79946
0.7145
0 .05002
0.03493
Small
Small 0 .0850
Possible
(non-uniform) females > males
76 4.643 0.0981 No
79 4.068 0.1308 No
83 10.909 0.0043 tot
gender
interaction 0.72222
0.65874
0 .06307
0.00041
Small
Trivial 0 .0635
Possible
(uniform) males > females
87 1.035 0.5959 No
90 2.331 0.3117 No
Note. 2ohen’s (1992) effect sizes are usee for A values with 0.0196 considered a small effect size, 0.1304 considered
effect size, and 0.2592 considered a large effect size. The column “Direction” should be read to indicate the likelihood of endorsing 
the item so that “females > males” should be read as females have a higher likelihood of endorsing the item than males at the same 
level of theta.
EPQ 101
Overall the Psychoticism scale performed the most poorly of all of the scales in the EPQ. 
The corrected item-total correlations for the items in this scale were generally much lower than 
corrected item-total correlations obtained for items in all three other scales. TESTGRAF ICC 
plots for the items in this scale showed a great deal of problems in the measurement of the latent 
variable. Two items were identified by Zumbo and Thomas (1996) method as having an overall 
A DIF value close to being probable, items 30 and 33.
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Chapter V 
Discussion
The primary objectives o f this thesis were to apply IRM (the nonparametric approach 
implemented in TESTGRAF) to the scales of a personality inventory and to conduct a gender 
DIF study of the items of these same scales. In short, the objective was to use modem item 
analysis methods on the EPQ. On their own these applications are significant contributions that 
have yet to be reported in the personality literature. A sub-theme throughout this thesis was a 
comparison of the IRM and non-IRM (i.e., classical test theory) results where possible.
There are several new developments (developments both in personality scale analysis, 
and in psychometrics) presented throughout the thesis. The following list presents a classification 
of the new results as either being primarily of focus in the study of personality inventories or 
being primarily of focus on developments in psychometrics:
Personality Inventory:
1) nonparametric IRM analysis of the EPQ scales.
2) scale information, conditional reliability and conditional standard errors of the EPQ scales.
3) gender DIF analysis of the EPQ scales.
4) tests of strict and essential unidimensionality via confirmatory factor analysis using 
tetrachoric correlations.
Psychometrics:
1) application of the Zumbo and Thomas technique with "real" data.
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2) providing criteria for the interpretation of the Zumbo and Thomas technique for classifying 
items as “very unlikely”, “possible”, “probable”, and “very likely” DIF.
3) using Cohen’s criteria for effect sizes with item total correlations and endorsement 
proportions.
The results presented in Chapter IV extend previous research investigating the 
psychometric properties of the EPQ. The nonparametric IRM analysis of the EPQ scales 
provided detailed item information that could not be obtained from classical techniques. This is 
in large part due to the assessment of the item’s performance along a continuum of variation (i.e., 
theta), a fundamental feature of IRM methods. The TESTGRAF ICC plots graphically display 
how each item performs over a latent variable continuum. This information is not available in 
classical analyses in that it is difficult to determine where along a continuum items perform 
poorly, or perform well, based on classical indices. Furthermore, the scale level information (e.g., 
conditional reliability) obtained for the EPQ scales provided valuable information regarding how 
the scale reliability, standard error, and test information change over the latent variable 
continuum. The classical analyses provide a reliability coefficient and standard error which is 
akin to an “average” computed over the latent variable continuum, whereas, for example, the 
conditional reliability plots show that the reliability is not constant over a latent variable 
continuum.
Although several items from each scale were identified as displaying possible or probable 
DIF, a word of caution regarding the interpretation of these results is necessary. An item should 
not be discarded from a scale simply because it is flagged as displaying DIF. Items which are 
flagged should be analyzed by, in this case, experts in the area of personality research so that the
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reason why they are flagged can be understood. For example, item 19 (Neuroticism scale) was 
flagged by the Zumbo and Thomas (1996) effect size method as displaying possible gender DIF. 
This item reads as “Are your feelings easily hurt?”. The endorsement proportions obtained from 
the classical analysis clearly show that the probability o f females endorsing this item is higher 
than the probability of men endorsing item 19 (i.e., an endorsement proportion difference of 
0.22). One possibility as to why this is happening is because, for the most part, men tend to 
downplay the degree to which they experience emotions, and use different coping mechanisms 
for emotionally stressful events than do females. Kuebli, Butler, and Fivush (1995) found that in 
the last phase of a childhood longitudinal study, girls initiated more discussions related to 
emotion, and talked more about emotion and about a greater variety of emotion than did boys. 
Ptacek, Smith, and Zanas (1992) found that adult males used problem-focused coping strategies 
for daily stressful events whereas adult females used emotion-focused and support seeking 
coping strategies. Therefore, with these studies in mind, the probability of endorsing item 19 
would be lower for males than for females, which we find is the case. In addition, because item 
19 was flagged as displaying possible gender DIF does not necessarily mean that the item should 
be removed from the scale.
EPQ item number 80 of the Neuroticism scale is an example of an item that had 
discrepant endorsement proportions (in essence, displaying gender bias according to classical 
analyses), but was not found to display DIF in the logistic regression analysis. The gender 
endorsement proportions for this item are males = 0.60 and females = 0.76, with a difference of 
0.16. This is an example of test impact as discussed by Langenfeld (1997) in that the
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endorsement proportion values for males and females do not provide the information necessary 
to label the item as displaying DIF. Females simply endorse item 80 more than do males.
As a whole the TESTGRAF plots provided a great deal of information and proved to be 
quite sensitive to the performance of scale items in the EPQ. The TESTGRAF ICC plots 
identified problem items and provided detailed information regarding the performance of items 
over the latent variable continuum. The classical analyses provided only limited information 
regarding the performance of items and did not give any indication of where some items were not 
performing as well as others. For example, according to the classical analyses item 88 of the 
Neuroticism scale performed reasonably well. The corrected item-total correlation for the item 
was in the small to medium range (i.e., 0.27), and the endorsement proportion was 0.84, which is 
quite high but does not necessarily indicate that the item performance is problematic. The 
TESTGRAF analysis, however, provided a great deal of information regarding the item’s 
performance. The TESTGRAF ICC plot for item 88 is presented in Figure 22 (see page 107).
The TESTGRAF ICC for this item clearly shows that the item performs very poorly as well as 
where the item performs poorly. The ICC for item 88 does not start at an endorsement 
probability of zero and gradually rises to a probability of one as it should. Instead the item begins 
at a p-theta of greater than 0.5, indicating that an individual very low on neuroticism has a very 
high probability o f falsely endorsing the item. Furthermore, the confidence bands around the ICC 
show that at the low end of the latent variable there is very little information, but at the high end 
of the latent variable there is a great deal of information. This indicates that because the item will 
be endorsed by anyone (i.e., individuals high on the latent variable as well as individuals low on 
the latent variable) very little information is obtained at the low end of the latent variable
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continuum (i.e., because this item does not discriminate between individuals’ level of the latent 
variable). Item 88 reads “Are you touchy about some things?”, with a response of “yes” 
endorsing the item in the direction of the latent variable. It becomes quite obvious now why the 
item has such a high probability of false endorsement, because virtually everyone is “touchy 
about some things”. Intuitively the distinguishing factor between an individual who is highly 
“neurotic” and one who is low on the same latent variable is that an individual who is high on the 
latent variable would be “touchy about most things”. The classical analyses give no direct 
indication of how the item performs on a latent variable continuum, drastically limiting the 
usefulness of those statistics. This is one of the key elements o f IRM, the continuum of variation 
(theta). Assessing the performance of items using a continuum of variation, allows the researcher 
to see item performance qualities that are missed using classical techniques.
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Figure 22. TESTGRAF ICC plot for item 88 of the EPQ.
The additional plots supplied by TESTGRAF provided information regarding the 
performance of the items and scales. For example, the conditional reliability plot for the scales 
show that the reliability of a scale changes dramatically based on what theta level is being 
examined. For the Extraversion scale the coefficient alpha reliability is 0.819, which taken alone 
is a quite reasonable reliability value, suggesting that the items in the scale perform together 
quite well. However, the TESTGRAF conditional reliability plot indicates that the reliability of 
the scale drops dramatically when measuring the high end of the latent variable (i.e., between a 
theta of 1.5 to 2.5). The test information curve for the same scale shows us that the most 
information is provided in the measurement of the latent variable by this scale in the theta region 
of -0.5. Very little information is provided by the scale in the measurement of the latent variable
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in the theta areas -1 to -2,5 and 0.5 to 2,5. This information was not obtained from the classical 
reliability analysis, dramatically limiting the usefulness of such classical measures.
The Neuroticism scale items, for the most part, performed reasonably well in the 
measurement of the latent variable, although there were some items that could be clearly 
identified as being problematic. The classical analyses indicated that the alpha reliability of the 
scale was 0.830, which is respectable. The corrected item-total correlations flagged some items 
as being less discriminating than others but for the most part the items seemed to perform 
reasonably well. The TESTGRAF test information curve indicated that the scale performs best in 
the theta range o f between -0.5 and 0.5, or an average level o f the latent variable. The Zumbo and 
Thomas method identified some items as displaying possible DIF. Based on these analyses it is 
difficult to pinpoint any major problems with this scale. One analysis that did not yield positive 
results was the strict dimensionality analysis used to assess the unidimensionality of this scale. 
However, the Neuroticism scale and all three other EPQ scales did prove to be essentially 
unidimensional, which is a sufficient condition to treat the scales as if they were unidimensional.
The Extraversion scale items also performed fairly well. As with the Neuroticism scale 
some items stood out as potentially problematic, but for the most part the item performance was 
satisfactory. The classical analyses provided an alpha reliability value of 0.819, which is not 
exceptional but does not indicate that the scale reliability is in any way problematic. The 
corrected item-total correlations for the most part were in the medium or large range, indicating 
that the majority o f the scale items were reasonably well discriminating. The TESTGRAF test 
information curve indicated that the scale performed best within a theta range slightly lower than 
average (i.e., between -0.8 and -0.4) in the measurement of the latent variable. The Extraversion
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scale did not seem to measure the latent variable well at the high ends of the continuum as 
indicated by the conditional reliability curve and the standard error curve. The Zumbo and 
Thomas (1996) method identified some items as displaying possible DEF and one item as 
displaying probable DIF. These results suggest that the Extraversion scale tends to perform 
reasonably well in the measurement of the latent variable.
The Lie scale items did not perform as well as the previous two scales, although some 
items did perform reasonably well. The classical analyses yielded an alpha reliability value of 
0.723, which is below the alpha reliability values of the Extraversion and Neuroticism scales.
The corrected item-total correlations also, in general, were lower for this scale than for both the 
Extraversion and the Neuroticism scales. In terms of the TESTGRAF ICC plots this scale had 
several items that could be considered problematic. Several items functioned at such a high level 
of the latent variable that the ICC did not begin to rise until a theta of 1.5 or 2, indicating that 
individuals ranging in latent variable amount -2.5 to 2.5 all have near zero probabilities of 
endorsing the items. The TESTGRAF test information curve showed that the Lie scale performs 
best slightly above a theta of zero. The standard error curve and the reliability curve showed that 
the reliability of the Lie scale in the low range of the latent variable was far less than the 
reliability at the high end of the latent variable, suggesting that this scale shows the most 
reliability, and has the least amount of measurement error, in the middle and high ranges of the 
latent variable. The Zumbo and Thomas (1996) method identified several items as displaying 
possible DIF. Overall the Lie scale items did not perform as well as the Extraversion and 
Neuroticism scale items, however many items perform quite well in the measurement o f the
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latent variable indicating that the Lie scale performs adequately in the measurement of the latent 
variable.
The Psychoticism scale items performed the most poorly of all the EPQ scale items. The 
corrected item-total correlations were mainly in the small effect size range, indicating that most 
of the Psychoticism scale items were not highly discriminating. The coefficient alpha reliability 
value was 0.614, which is substantially lower than all three of the previously mentioned scales, 
indicating that the items do not perform very well together. The TESTGRAF ICC plots indicated 
that the majority of items performed very poorly. The TESTGRAF test information function 
indicated that the Psychoticism scale as a whole performed best at a theta level of between 
approximately 1 and 1.7, indicating that the scale measures the latent variable best at the high 
range of the latent variable continuum. The standard error and reliability curves showed that the 
Psychoticism scale has very low reliability in the low range of the latent variable and has the 
highest reliability o f measurement and lowest standard error in the theta range between 
approximately 0 and 2.5. The Zumbo and Thomas (1996) method identified several items as 
displaying possible gender DIF.
Overall the performance of the Psychoticism scale items was dismal in the sense that all 
of the analyses performed on the scale indicated that the scale items performed very poorly. This 
may be due, at least in part, to the items themselves. Many of the items tended to have very low 
endorsement proportions which may have been due to the extreme nature of their content and the 
aspect of personality which the scale seems to measure. For example, item 26 had a very low 
endorsement proportion (0.05), either because few individuals would honestly endorse the item, 
or more likely, because very few people actually felt that the item described them enough to
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endorse it. The item read as, “Do you enjoy hurting people you love?”, a question that intuitively 
would apply to very few individuals who would have to be very high on the latent variable being 
measured by the scale before the item would be endorsed. In comparison to the items composing 
the Lie, Neuroticism, and Extraversion scales, the items in the Psychoticism scale seem out of 
place in the sense that they seem to measure an aspect of personality which is very extreme and 
pathological, rather than moderate and socially oriented (e.g., items from the Extraversion scale 
are not extreme and measure a social aspect of personality that all people share to varying 
degrees). All of the items identified as displaying DIF indicated that males had higher 
endorsement proportions than females. This may be the case because due to the extreme nature 
of the items, and the latent variable that the Psychoticism scale is purported to measure, females 
would be less likely to endorse the items. If the Psychoticism scale measures aspects of 
criminality and psychopathic behavior, then males would be more likely to endorse the items on 
this scale, given that the frequency of male psychopathy is higher than the incidence of female 
psychopathy in the general population (Hare, 1993). It should be noted that the DIF results for 
this scale should be interpreted with caution because it is difficult to be sure that the results are 
interpretable due to the generally poor performance of the items and lack of information at 
certain areas of the latent variable continuum.
At this point a brief summary o f the psychometric advantages of IRM techniques over 
classical techniques will be reviewed. IRM techniques take into account the continuum of 
variation to provide information on how items and scales perform over an ability or latent 
variable range. This is intuitively very useful because item and scale performance does change 
depending on the latent variable level that is being measured. An example which has been
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referred to throughout this section is how scale reliability changes over the continuum of 
variation. It can be clearly seen that reliability is maximized in the latent variable range where the 
scale performance is at a maximum. The reliability is lowest in the extreme high and low ranges 
o f the latent variable continuum. In classical techniques the researcher obtains an average or 
generalized reliability over the entire latent variable continuum, thereby loosing a great deal of 
valuable information on the reliability o f the scale. Taking into account the continuum of 
variation when examining the performance of items, also provides a clear conceptualization of 
DIF, in addition to the development o f IRM based methods for measuring DIF. With the 
definition of DIF used in this thesis kept in mind (i.e., an item shows DIF if individuals 
possessing the same amount of the latent variable, but belonging to different groups, do not have 
an equal probability of endorsing the item) it becomes straightforward to visualize how item 
ICCs would appear if DIF was suspect because the item performance o f two groups is plotted 
over a continuum of variation which clearly shows the amount of the latent variable being 
measured. Although the TESTGRAF DIF plots were not used in this thesis, they provide an IRM 
based graphical interpretation of DIF which is useful at the exploratory stage of data analysis.
The implications of the findings presented in this thesis in terms of how and where the 
EPQ is used will now be discussed. The EPQ is listed by Aiken (1996) as a research tool to 
measure “normal” personality in the social and behavioral sciences. As a result the EPQ is 
typically not used in a clinical setting to determine elements of psychopathology. The 
Extraversion and Neuroticism scale items seemed, in general, to perform well within the 
expected latent variable range (theta -2.5 to 2.5) of an undergraduate university sample. The Lie
EPQ 113
scale performed less well than the Extraversion and Neuroticism scale items but in general the 
items also performed reasonably well with the expect latent variable range.
The Psychoticism scale items, however, do not perform well within the expected latent 
variable range which raises questions as to what the items in this scale are measuring. In terms of 
measurement o f  “normal” personality, the Psychoticism scale items do not perform well within 
the latent variable continuum range of -2.5 to 2.5. The Psychoticism scale seems to measure an 
abnormal aspect of personality, and therefore the administration of this scale to a non-adjudicated 
or “non-psychotic” population is out of place. Furthermore, the interpretation of scores on the 
Psychoticism scale obtained from “normal” samples would provide little useful information 
considering that the majority of items would not measure the latent variable within the expected 
range of the continuum of variation. Overall, the usefulness of the Psychoticism scale in the 
research context for which the scale was designed is questionable based on the results of this 
thesis.
A validity concern that should be mentioned is the appropriateness or validity of the use 
of a scale based on its psychometric properties. A commonly found example that can be used to 
illustrate this point is the practice of splitting subjects into groups using “high” versus “low” 
scale scores. For example, in research contexts subjects who score low on extraversion and 
subjects who score high on extraversion are split into separate groups and compared to other 
variables (e.g., academic achievement, leisure motivation, memory performance). Although these 
types of analyses are useful, it is important to insure that the scale contains the appropriate 
properties for these types of analyses to be valid. In the example above, the extraversion scale 
should perform best at the high and low ranges of the latent variable. A test information curve
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that would be appropriate for this type of research investigation can be seen in Figure 23 (see 
page 114), with the scale providing maximum information at the high and low ends of the 
extraversion scale, and little information in the middle range of the latent variable (i.e., where the 
scale is being split). Therefore the test information function, in conjunction with other measures 
of item performance, should correspond with the appropriate intended use of the scale. A test 
information function which has maximal information in the middle range of the latent variable 
would not be valid or appropriate for the above example where the researcher is interested in 
individuals who are on the high and low extremes of the latent variable continuum. In other 
words the validity of the intended use of a scale should be reflected in the results of the 
psychometric analysis performed on that scale. If the hypothetical scale in the above example 
were to be used to examine an average amount o f the latent variable extraversion, then the scale 
should contain maximum information in the mid-range of the latent variable. In this research 
context IRM analyses are especially useful because the researcher can get a sense of how the 
scale performs across the latent variable continuum. For a detailed description of validity in the 
context of educational and psychological measurement in the social and behavioral sciences see 
Hubley and Zumbo (1996).
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Figure 23. An example of a test information curve where maximal information is at the high and 
low ends of the latent variable continuum.
The analyses conducted in this thesis provide new results regarding the performance of 
the EPQ items. Ferrando’s (1994) article did not examine the EPQ scales which were analyzed in 
this thesis, making comparisons difficult. Ferrando (1994) analyzed the Spanish version of the 
EPI-A Impulsivity subscale. Grayson (1986) used a 2-parameter parametric item response model, 
also making comparisons to a non-parametric model difficult. Grayson (1986) did make the 
assertion that all four scales of the EPQ were “predominantly unidimensional”, a finding which 
was supported in this thesis as reflected by the tests of essential unidimensionality. Mackinnon et 
al. (1995) performed an age DIF analysis with a young sample (median age 30-39 years) 
compared with an elderly sample (70 to 80+ years of age). Because the DIF technique used in 
their study was not identified by the group of researchers, and because the DIF analysis
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performed by Mackinnon et al. was not that of gender DIF, it is difficult to make comparisons 
between the findings o f this thesis and that of Mackinnon et al. (1995). In summary, the analyses 
conducted in this thesis have not been attempted before and therefore are difficult to compare to 
previous research on the EPQ using IRM techniques.
Overall, several conclusions can be drawn from the results presented in this thesis. First, 
it is clear that nonparametric item response modeling has distinct advantages over classical item 
analysis methods. Second, the Zumbo and Thomas (1996) DIF effect size method provided 
detailed information regarding the existence of potential DIF items in the EPQ scales. Third, in 
terms of the performance of the EPQ scales, it was shown that the Neuroticism and Extraversion 
scales performed reasonably well in measuring their respective latent variables. The Lie scale did 
not perform as well as the Neuroticism and Extraversion scales, and the Psychoticism scale 
performed the most poorly. Fourth, although all four scales failed to pass their respective tests o f 
strict unidimensionality, they all were found to be essentially unidimensional.
In terms of future directions for research in this area, it would be very useful if  others 
interested in the types o f analyses conducted in this thesis could replicate the results and perhaps 
extend the analyses to include other personality inventories. The application of nonparametric 
item response models in the evaluation of personality research tools used in the behavioral and 
social sciences has merit, and provides a great deal of information regarding the items and scales 
being evaluated. Although classical methods of evaluating item and scale performances do 
provide useful information to the researcher, item response models provide a great deal more 
information and take into account the continuum o f variation. It is the hope of this author to
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continue research in this area in order to investigate in greater detail the strengths and limitations 
o f new statistical procedures in a wide range of personality research contexts.
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Appendix A: Neuroticism scale items
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Neuroticism scale items
((«yes” or ^no” in brackets is the endorsement option)
3) Does your mood often go up and down? (Yes)
7) Do you ever feel “just miserable” for no reason? (Yes)
12) Do you often worry about things you should not have done or said? (Yes)
15) Are you an irritable person? (Yes)
19) Are your feelings easily hurt? (Yes)
23) Do you often feel “fed-up”? (Yes)
27) Are you often troubled about feelings of guilt? (Yes)
31) Would you call yourself a nervous person? (Yes)
34) Are you a worrier? (Yes)
38) Do you worry about awful things that might happen? (Yes)
41) Would you call yourself tense or “highly-strung”? (Yes)
47) Do you worry about your health? (Yes)
54) Do you suffer from sleeplessness? (Yes)
58) Have you often felt listless and tired for no reason? (Yes)
62) Do you often life is very dull? (Yes)
66) Do you worry a lot about your looks? (Yes)
68) Have you ever wished that you were dead? (Yes)
72) Do you worry too long after an embarrassing experience? (Yes)
75) Do you suffer from “nerves”? (Yes)
77) Do you often feel lonely? (Yes)
80) Are you easily hurt when people find fault with you or the work you do? (Yes)
84) Are you sometimes bubbling over with energy and sometimes very sluggish? (Yes)
88) Are you touchy about some things? (Yes)
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Appendix B: Extraversion scale items
EPQ 128
Extraversion scale items
(Wyes’' or "no" in brackets is the endorsement option)
1) Do you have many different hobbies? (Yes)
5) Are you a talkative person? (Yes)
10) Are you rather lively? (Yes)
14) Can you usually let yourself go and enjoy yourself at a lively party? (Yes)
17) Do you enjoy meeting new people? (Yes)
21) Do you tend to keep in the background on social occasions? (No)
25) Do you like going out a lot? (Yes)
29) Do you prefer reading to meeting people? (No)
32) Do you have many friends? (Yes)
36) Would you call yourself happy-go-lucky? (Yes)
40) Do you usually take the initiative in making new friends? (Yes)
42) Are you mostly quiet when you are with other people? (No)
45) Can you easily get some life into a rather dull party? (Yes)
49) Do you like telling jokes and funny stories to your friends? (Yes)
52) Do you like mixing with people? (Yes)
56) Do you nearly always have a “ready answer” when people talk to you? (Yes)
60) Do you like doing things in which you have to act quickly? (Yes)
64) Do you often take on more activities than you have time for? (Yes)
70) Can you get a party going? (Yes)
82) Do you like plenty of bustle and excitement around you? (Yes)
86) Do other people think of you as being very lively? (Yes)
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Appendix C: Lie scale items
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Lie scale items
(“yes” or “no” in brackets is the endorsement option)
4) Have you ever taken the praise for something you knew someone else had already done? (No)
8) Were you ever greedy by helping yourself to more than your share of anything? (No)
13) If you say you will do something do you always keep your promise no matter how 
inconvenient it might be? (Yes)
16) Have you ever blamed someone for doing something you knew was really your fault? (No)
20) Are all your habits good and desirable ones? (Yes)
24) Have you ever taken anything (even a pin or button) that belonged to someone else? (No)
28) Do you sometimes talk about things you know nothing about? (No)
35) As a child did you do as you were told immediately and without grumbling? (Yes)
39) Have you ever broken or lost something that belonging to someone else? (No)
44) Do you sometimes boast a little? (No)
48) Have you ever said anything bad or nasty about anyone? (No)
51) As a child did you ever talk back to your parents? (No)
55) Do you always wash before a meal? (Yes)
59) Have you ever cheated at a game? (No)
63) Have you ever taken advantage of someone? (No)
69) Would you dodge paying taxes if you were sure you could never be found out? (No)
73) Have you ever insisted on having your own way? (No)
78) Do you always practice what you preach? (Yes)
81) Have you ever been late for an appointment or work? (No)
85) Do you sometimes put off until tomorrow what you ought to do today? (No)
89) Are you always willing to admit it when you have made a mistake? (Yes)
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Appendix D: Psychoticism scale items
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Psychoticism scale items
(**yes” or *no" in brackets is the endorsement option)
2) Do you ever stop to think things over before doing anything? (No)
6) Would being in debt worry you? (No)
9) Do you lock up your house carefully at night? (No)
11) Would it upset you a lot to see a child or animal suffer? (No)
18) Do you believe insurance plans are a good idea? (No)
22) Would you take drugs which may have strange or dangerous side effects? (Yes)
26) Do you enjoy hurting people you love? (Yes)
30) Do you have enemies who want to harm you? (Yes)
33) Do you enjoy practical jokes that can sometimes really hurt people? (Yes)
37) Do good manners and cleanliness matter much to you? (No)
43) Do you think marriage is old-fashioned and should be done away with? (Yes)
46) Do people who drive carefully annoy you? (Yes)
50) Do most things taste the same to you? (Yes)
53) Does it worry you if you know there are mistakes in your work? (No)
57) Do you like to arrive at appointments in plenty of time? (No)
61) Is (or was) your mother a good woman? (No)
65) Are there several people who keep trying to avoid you? (Yes)
67) Do you think people spend too much time safeguarding their future with savings and 
insurances? (Yes)
71) Do you try not to be rude to people? (No)
74) When you catch a train do you often arrive at the last minute? (Yes)
76) Do your friendships break up easily without it being your fault? (Yes)
79) Do you sometimes like teasing animals? (Yes)
83) Would you like other people to be afr-aid of you? (Yes)
87) Do people tell you a lot of lies? (Yes)
90) Would you feel very sorry for an animal caught in a trap? (No)
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Appendix E: Neuroticism scale TESTGRAF ICC Figures
Note: TESTGRAF item numbers in these Appendices do not correspond to the item numbers of 
the EPQ. For this reason the EPQ item numbers are provided below for each TESTGRAF item 
number.
Neuroticism Scale:
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
TESTGRAF
item number 1 = EPQ
item number 2 = EPQ
item number 3 = EPQ
item number 4 = EPQ
item number 5 = EPQ
item number 6 = EPQ
item number 7 = EPQ
item number 8 = EPQ
item number 9 = EPQ
item number 10 = EPQ 
item number 11= EPQ 
item number 12 = EPQ 
item number 13 = EPQ 
item number 14 = EPQ 
item number 15 = EPQ 
item number 16 = EPQ 
item number 17 = EPQ 
item number 18 = EPQ 
item number 19 = EPQ 
item number 20 = EPQ 
item number 21 = EPQ 
item number 22 = EPQ 
item number 23 = EPQ
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
tem
number 3 
number 7 
number 12 
number 15 
number 19 
number 23 
number 27 
number 31 
number 34 
number 38 
number 41 
number 47 
number 54 
number 58 
number 62 
number 66 
number 68 
number 72 
number 75 
number 77 
number 80 
number 84 
number 88
Data with Stem: neurotic
Item 1 Item 2 Item 3
ao
CO
I s
2
CL
■2.5 -1.5 -0.5 0.5 1.5 2.5
....
0
Std. Normal Proficiency
Item 4
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normal Proficiency
Item 5
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normai Proficiency
Item 6
P 1
CD
" 0
CO
CD
CO
O
CD
CM
JD
P 4  ,
a t CD
CD
I CO
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normai Proficiency
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normai Proficiency
CO
CD
CO
CD
O
CM
CD
d
CO
-2.5 -1.5 -0.5 0.5 1.5 2.5
0
Std. Normai Proficiency
Data with Stem: neurotic
Item 7 item 8 Item 9
oo
CO
I'-OJ
2
Q-
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Item 10
oo
o
CO
S 3
o .
-2.5 -1.5 -0.5 0.5 1.5 2.5
CO
o
CO
o
I s
S :  4
o
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Item 11
oo
C5
CO
CO
I sQg é
-2.5 -1.5 -0.5 0.5 1.5 2.5  
Std. Normal Proficiency
Item 12
oo
CÔ
CO
CO
CO
o
2
Oa: o
CD
-2.5 -1.5 -0.5 0.5 1.5 2.5 -2.5 -1.5 -0.5 0.5 1.5 2.5
0
Std. Normal Proficiency Std. Normal Proficiency Std. Normal Proficiency
Data with Stem: neurotic
Item 13 Item 14 Item 15
oo
o_
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Item 16
CD
O
a
2
Q_ O  
o
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Item 17
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
aP
1 9
o o
CD
CO
CD
CD
CM
JD CD
o ê d
CD
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normal Proficiency
Item 18
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normal Proficiency
CO
o
CO
CD
CM
CD
d
CD
-2.5 -1.5 -0.5 0.5 1.5 2.5
0
Std. Normal Proficiency
Data with Stem: neurotic
Item 19 Item 20 Item 21
yCO oo
CD
oO
O  - -
2o_
-s  <N
o
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Item 22
Std. Normal Proficiency
Item 23
-2.5 -1.5 -0.5 0.5 1.5 2.5 
Std. Normal Proficiency
o
CO
o
J  -
o
3  -
p
CVJ
o
a . o
o
■
-2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
1 o
oo
o
3  -
O
1q
CD CM
_CI CD
05 : CD
O
-2.!
0
Std. Normal Proficiency
Data with Stem: neurotic
00m
g
CD
O
CO CM
O
CO
O
-2.5 -1.5 -0.5 0.5 1.5 2.5
2ou
§
O
CO
Std. Normal Proficiency
cvi
o
CM
cq
CM
CO
o
CD
CD
2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency
Data with Stem: neurotic
Onm
g
I
o
CO
o
c\i
o
oo
o
d
2.5 -1.5 -0.5 0.5 1.5 2.5
CD
CO
CO
cvi
o
oo
d
CO
C=)
o
CM
CO
COd
2.5 -1.5 -0.5 0.5 1.5 2.5
Std. Normal Proficiency Std. Normal Proficiency
EPQ 140
0.30 0.40
Reliability 
0.50 0.60 0.70 0.80 0.90 1.00
CO
2
z0
1
TJI
CD
DO
cn
I
cb
cn
o
cn
cn
DO
cn
Data with Stem: neurotic
in
g
in - -
o
e g
'8
CM , 1 7
g
C
0 ) in - 
c  ' 
o g
E
O
o
1
If)
, 1 2
g
- 8 0  - 6 0 - 4 0  - 2 0  0
Component 1
2 0  4 0  6 0  8 0
Data with Stem: neurotic
9
O'
w
V)c
<D
O
p
in
o
o
o
CO
c>
o
CD
oo
o
0 4 8 12 16 20 24
Expected Score
EPQ 143
Appendix F: Extraversion scale TESTGRAF ICC Figures
Note: TESTGRAF item numbers in these Appendices do not correspond to the item numbers of 
the EPQ. For this reason the EPQ item numbers are provided below for each TESTGRAF item 
number.
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Appendix G: Lie scale TESTGRAF ICC Figures
Note: TESTGRAF item numbers in these Appendices do not correspond to the item numbers of 
the EPQ. For this reason the EPQ item numbers are provided below for each TESTGRAF item 
number.
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Appendix H: Psychoticism scale TESTGRAF ICC Figures
Note: TESTGRAF item numbers in these Appendices do not correspond to the item numbers of 
the EPQ. For this reason the EPQ item numbers are provided below for each TESTGRAF item 
number.
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